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THis paper will attempt a classification of the sexual organs of 
plants based upon certain evolutionary principles and involving 


phylogenetic relationships in so far as these are understood. With 


the classification is presented a terminology new in certain respects 


and restricting some older names to a more precise significance. The 
establishment of a terminology is of course a matter of usage. The 
present suggestions are not offered through the desire to create a 
new set of terms, but rather as a means of making plain the funda 
mental characters of the classification. But there are some features 
which if adopted would lead to much greater clearness of expression. 

Almost all of the sexual organs of plants fall into one of three 
groups, quite distinct from one another, each marked by fundamental 
characters so well defined that one form cannot pass into the other 
except through great changes of structure and behavior. The only 
sexual organs whose positions do not seem to be clear in this classifi 
cation are the complex multicellular structures of the lichens and the 
Laboulbeniaceae. The conditions in these interesting forms are 
very puzzling, and much more must be known of their cell and 
nuclear structure and developmental history before we can hope to 
place them in relation to other forms. The three great groups of 
sexual organs in plants are: 

I. Unicellular structures developing uninucleate gametes.—These 
organs may be called collectively gametocysts or, when sexually dif 
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ferentiated, the male becomes the spermatocyst and the female the 
oocyst. They are restricted to the thallophytes and are generally 
characteristic of the algae, but are not the only types of sexual organs 
found in this assemblage. 

Il. Mudlticellular structures developing uninucleate gametes.— 
These organs comprise the antheridia and archegonia of the bryo- 
phytes and pteridophytes, which have probably been derived from a 
multicellular structure whose gametes were sexually undifferentiated 
(isogamous), which structure would be included under the more 
general term gametangium. In a harmonious terminology based 
upon the gametangium the male organ might be called a sperma- 
fangium and the female an oangium. Gametangia are represented 
among the thallophytes by the so-called plurilocular sporangia. 
Spermatangia (antheridia) are found in the Charales and Dictyota. 

III. Multinucleate sexual cells or coenogametes.—These remark- 
able sexual organs, named by the author ‘‘coenogametes” (DAvis 
00, p. 307), are most typically illustrated in the Mucorales and 
Gymnoascales, but are also found in a somewhat modified form in 
the Saprolegniales, Peronosporales, and certain Ascomycetes. Coeno- 
gametes are morphologically either gametocysts that have become 
changed directly into gametes, or they are restricted portions of such 
cells. 

These types of sexual organs will be considered in order, with a 
brief summarized list at the end of the paper. 


I. GAMETOCYSTS, SPERMATOCYSTS, AND OOCYSTS. 


The terminology which we shall use for the simplest sexual organs 
of plants (unicellular structures developing uninucleate gametes) is 
based upon suggestions of VUILLEMIN (’o2) presented for the purpose 
of clearly separating this group from the multicellular reproductive 
organs characteristic of plants above the thallophytes. The unicel- 
lular sexual organ is well known to have had its origin from a repro- 
ductive cell which produced asexual spores, and such may be called 
a sporocyst consistently with the other terms. The list of unicellular 
reproductive organs leading to the high sexual conditions of the heter- 
ogamous algae, such as Volvox, Oedogonium, Vaucheria, the 
Cyclosporeae, and the Rhodophyceae, is then as follows: 
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Sporocyst, a unicellular structure producing asexual spores. 
Zoosporocyst, a unicellular structure producing zoospores. 
Gametocyst, a unicellular structure producing uninucleate gametes. 
Spermatocyst, a unicellular structure producing sperms. 


Oocyst, a unicellular structure producing eggs. 


The terms sporangium, gametangium, antheridium, and oogonium, 
which have been applied to the above structures and to others as well, 
have been reserved for more precise usage, as will appear later in the 
paper. 

It should be noted especially that this list includes the sexual 
organs of almost all of the groups of algae, forms which illustrate 
the usual course of sexual evolution. The principal stages and steps 
in the origin and evolution of sex are fairly well understood. The 
writer has recently described them (Davis ’o1, ’03@) and will not 
take up the matter further than to emphasize some facts which have 
important bearings on the subject of this paper. 

The gametocyst came into existence with the origin of sex, and was 
derived from a zoosporocyst whose zoospores became physiologically 
sexual. Sex has probably arisen a great many times in the plant 
kingdom, since it is fundamentally only a physiological condition, 
Dut so far as we know the origin has always been the same, namely 
through the conjugation of motile cells. 

With the gametocyst established, there is sure to follow a tendency 
to differentiate the structure according as the sexual cells assume 
more and more the characters of sperms and eggs. The differentia 
tion of sex is well known to be one of the results of plant evolution 
which has appeared in a number of divergent lines of ascent entirely 
independently of one another. The eggs and sperms of widely 
separated phyla in the algae, as for example those ending in Volvox, 
Vaucheria, Coleochaete, and Fucus, can only be related through their 
origin from the undifferentiated gametes or zoospores of a distant 
ancestry. So the mother-cells, oocysts, and spermatocysts of these 
sexual elements are related in the divergent lines among the algae 
only through an ancestry from the undifferentiated gametocyst or 
its progenitor the sporocyst. 

There are several groups of algae which offer interesting peculiari 
ties of structure that demand special explanations. In the filamen- 


tous Conjugales we have the union of gametes while still contained 
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within the cellulose walls of the gametocysts. This is far from a 
simple sexual condition, and it is a great mistake to present these 
types as illustrations of primitive sexuality. It is possible that the 
Conjugales have come by way of the unicellular forms related to the 
Volvocaceae, whose cells adopting quiescent habits gave rise to the 
desmids, through which the filamentous Zygnemaceae and Mesocar- 
paceae may have been derived. In many of the desmids the gametes 
escape from the gametocysts to fuse as naked masses of protoplasm. 
The retention in the Zygnemaceae and Mesocarpaceae of these 
gamete protoplasts within the gametocyst, and the consequent fusion 
of sexual cells surrounded by a cellulose wall is a peculiarity identical 
in this respect with the fusion of coenogametes in the Mucorales, 
Peronosporales, and lower Ascomycetes, and is evidence of a highly 
specialized sexual condition. 

In the Rhodophyceae the spermatocysts have the peculiarity of 
producing each a single non-motile sperm, and the oocyst (carpogo- 
nium) develops a long filamentous receptive outgrowth, the trichogyne, 
surrounded by the cell wall, with which the sperm fuses. There is 
here, therefore, as in the filamentous Conjugales described above, the 
fusion of gamete protoplasts while still surrounded by their respective 
cell walls. Eliminating this peculiarity and the production of non 
motile sperms, the sexual organs of the red algae appear to be similar 
to those of Coleochaete. There are some possibilities, however, 
which may complicate the problem of the classification of the sexual 
organs of the Rhodophyceae, and may relate it to the puzzling condi 
tions in the Laboulbeniaceae and lichens. I refer to the presence of a 
trichogyne nucleus in Batrachospermum reported by myself, and the 
binucleate sperms described by SCHMIDLE (’99). We may find here 
and in other red algae peculiarities with direct relationships to the two 
fungal groups mentioned above. 

The Charales present extraordinary conditions. The female 
organ is apparently an oocyst, surrounded, however, by a complex 
envelope of investing filaments; while the male organ is multicellular 
and consequently is not a spermatocyst, but falls within the second 
group of sexual organs, although it can hardly be supposed to have 
genetic relation to these. The spermatangium (antheridium) of the 
Charales is certainly one of the puzzles of plant morphology. 
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The male organs of some other algae, as Oedogonium, are groups 
of closely related cells which constitute a simple tissue, and similar 
conditions are also found in the Rhodophyceae, but all of these 
structures are really clusters of spermatocysts, and can scarcely be 
considered differentiated organs of the plants, even though they 
sometimes have very definite form. Nevertheless, the structures 
frequently are so constant as to have taxonomic value, and conse 
quently probably always will be called antheridia in the works which 
deal with such matters. 

The sexual organs of Dictyota present conditions that make their 
classification difficult. The cells producing male elements become 
divided (see figures of WILLIAMS ’o4) into a very large number of 
compartments, each of which develops a solitary sperm. This struc- 
ture seems to be the same as that of the so-called plurilocular sporangia 
of the Phaecophyceae, in which case the male organs cannot be called 
sporocysts, but are true spermatangia (antheridia). The eggs, how- 
ever, are formed singly in the mother-cells, which are therefore 
oocysts. The significance of these mixed characters in the group is 
not clear. Either the spermatangia (antheridia) are derived from 
spermatocysts that have adopted the peculiar methods of extensive 
cell division characterizing plurilocular sporangia, or the oocysts 
stand as the final stage in a remarkable reduction and final suppres 
sion of such activities in an ancestral multicellular female organ 

oangium). 

The desirability of some system and uniformity in the nomencla 
ture of a group of reproductive organs which are clearly homologous 
(as are the sporocyst, gametocyst, spermatocyst, and oocyst) lies of 
course in the greater clearness and simplicity of the conception and 
expression of these relationships. The adoption of a new termi 
nology for these structures will depend upon how st rongly botanists 
may feel the need of these changes. Such old names as sporangium, 
gametangium, antheridium, oogonium, and ascogonium would be 
restricted to a narrower application, but, as we shall presently explain, 
they need not be entirely discarded. 

It will be asked what are the particular advantages of the set of 
names proposed (sporocyst, gametocyst, spermatocyst, and oocyst) 


over older terms, and why have not the latter been retained and new 
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names proposed for the other great class of sexual organs, the multi- 
cellular structures? The principal reason for the present suggestion 
is the desirability of naming unicellular structures in a manner indica- 
tive of their morphology. A better set of names would have been 
sporocyte, gametocyte, spermatocyte, and oocyte, but the last two 
terms have a special and precise significance in zoology. There is 
no evidence of exact correspondence between the events of spermato- 
genesis and oogenesis in animals and plants, but on the contrary 
many reasons for believing that the processes have not only had an 
independent origin, but have developed along quite different lines. 
This subject cannot be treated at this time, but for these reasons we 
have avoided the term spermatocyte and oocyte, and instead have 
made use of VUILLEMIN’S suggest ons. 


Il. GAMETANGIA, SPERMATANGIA, AND OANGIA. 


The second group of sexual organs comprises multicellular struc- 
tures which develop uninucleate gametes. ‘The fully differentiated 
organs are best illustrated by the antheridia and archegonia of the 
bryophytes and pteridophytes, but these heterogamous conditions 
must have arisen from a simpler type of gametangium, and this must 
be sought among the thallophytes. The writer (DAvis ’03) has 
recently suggested their origin from a type of structure something 
like that of the plurilocular sporangium of the Phaeophyceae and 
the multicellular fruiting branches of such green algae as Schizomeris, 
Stigeoclonium tenue irregulare, and the conditions sometimes found 
in Draparnaldia and Chaetophora. 

It will be difficult to displace such firmly established names as 
antheridium and archegonium, but a terminology may be constructed 
with sporangium and gametangium as a basis which is as consistent 
and harmonious as that proposed for the first group of organs. It 
would be as follows: 

Sporangium, a multicellular organ producing asexual spores. 
Zoosporangium, a multicellular organ producing zoospores. 
Gametangium, a multicellular organ producing uninucleate gametes. 
Spermatangium (antheridium), a multicellular organ producing sperms. 


Oangium (archegonium), a multicellular organ producing eggs (VUILLEMIN 


5) 


‘O2). 
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The origin of the sexual organs of the bryophytes and _ pterido- 
phytes is necessarily a matter of speculation, but the relation that 
they bear to one another and the type of structure which they repre- 
sent are much more clearly understood than formerly. These game- 
tangia are essentially cellular capsules composed of an outer layer 
of sterile cells which encloses a central mass of gametogenous tissue. 
The development of the antheridium and archegonium generally 
starts from a superficial cell, which by various divisions differentiates 
a single terminal cell or a group of terminal cells that become the 
growing points of the structure, building it up from above. Thus the 
antheridium and archegonium are from the beginning and at all 
times tissues of a definite form whose cooperating cells establish the 
organ. They are not structures of the same class as certain assem- 
blages of independent gametocysts whose cells are massed into definite 
form, as for example many so-called antheridia of the red algae. 

It seems to be perfectly clear now that the central region of cells 
within the capsule wall of both antheridium and archegonium are 
phylogenetically gametogenous tissues and are homologous; or, 
expressed concretely, that the canal cells of the archegonium are 
reduced and degenerate gamete mother-cells which together with the 
fertile egg cell are homologous with the sperm mother-cells. This 
view, which has been held tentatively by many botanists for a long 
time, is supported especially by observations by Hy and Trevs, 
and the recent studies of HOLFERTY and Lyon. GOEBEL (’o2) in 
an important paper has discussed the homologies of the sexual organs 
in bryophytes and pteridophytes, recognizing that the suppression of 
cell division and a process of sterilization were largely responsible for 
the peculiarities of the female. He also clearly showed the difficulties 
that throw so much doubt on G6rz’s theory of a relationship between 
the archegonium and oogonium of the Charales. 

Hy (’84, p. 121) noted that various species of mosses present occa- 
sionally the transformation of archegonia into antheridia, a phenome- 
non apparently frequent in Adrichum undulatum, TREUB’s (’86, 
pp. 107-108) observations on Lycopodium Phlegmaria are of the 
greatest significance. He found that the canal cells may contain two 
nuclei, and he figures an archegonium in which a canal cell is divided 


longitudinally so that the axial row is double at that point. A dia 
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gram which the author introduced to illustrate a theoretical stage 
in the evolution of the archegonium (Davis ’03¢, p. 491, fig. 21, ¢) 
unwittingly almost duplicated this figure (TREUB ’86, pl. 217, fig. 9), 
to which his attention was called after the publication of this paper. 
TREUB also noted the transformation of archegonia into antheridia 
and archegonia whose tips remained closed and became abnormally 
swollen. Recently HOLFERTY (’04) has determined for Mnium that 
the series of canal cells is sometimes a double row for a greater or less 
distance instead of the single line usually present, that the egg and 
ventral canal cell are usually of nearly equal size, and that occasionally 
organs are found with mixed antheridial and archegonial characters, 
as when portions of an evident axial row break up into sperm mother- 
cells. A number of observers have reported abnormalities among 
the mosses, such as archegonia with two eggs, with two venters, or 
with enlargements of the neck regions. These conditions all appear 
to justify entirely the conclusions of the previous paragraph. 

Especially interesting are some illustrations of unusual conditions 
in the pteridophytes brought together by Miss Lyon (’o4). There 
are the two canal cells that normally lie side by side above the ventral 
canal cell of Equisetum, a condition also found in Isoetes. Two 
eggs are occasionally present in the archegonium of Se/aginella apus, 
and a pair of eggs, one above the other with two canal cells between, 
have been observed in Adiantum cuneatum. The most remarkable 
conditions, however, are those found in Lycopodium com planatum, 
whose deeply imbedded archegonia have sometimes as many as four 
teen to sixteen cells in an axial row, over half of which, and some- 
times the egg cell itself, are binucleate. Thus the observations of 
TREUB (’86) on Lycopodium Phlegmaria are substantiated, and it is 
likely that others of the Lycopodiaceae have archegonia of a general 
ized type, with large amounts of potential gametogenous tissue. 
They present conditions that may be expected in any primitive group 
of bryophytes or pteridophytes. For male organs Miss Lyon con 
tributes a new fact in finding submerged antheridia in Lycopodium 
annotinum, 

The evolutionary tendencies of antheridia and archegonia, from 
their most generalized conditions among the bryophytes, are evidently 


in the direction of numerical reduction of the number of gamete 
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mother-cells and the amount of sterile tissue developed. These 
tendencies are plainly shown in comparisons of the sexual organs of 
the pteridophytes with those of the bryophytes. The antheridia of 
the former group are all very much smaller than those of the latter; 
the wall of the capsule contains relatively few cells and the amount 
of spermatogenous tissue is very much reduced. Thus where thou 
sands of sperms are developed in each antheridium of the bryophytes, 
there are less than a hundred formed in most of the pteridophytes, and 
sometimes very few (four in Isoetes). The archegonia of the pteri 
dophytes have a smaller number of cells than those of the bryophytes. 
The neck region is much shortened and the number of canal cells 
becomes reduced from a large number in the bryophytes to two or 
three in some pteridophytes. Physiologically this reduction in the 
number of gametes, together with the greater specialization of egg 
and sperm, follows a history generally parallel with that in the thallo 
phytes, and is what should be expected in any series of plants subject 
to the conditions that lead to the high levels of sexual evolution. 

The history of the antheridium and archegonium in the reduced 
gametophytes of seed-bearing plants is not well understood, but 
this is not the time to discuss such difficult and highly special problems 
as the homologies of the stalk and body cell of the pollen grain or the 
egg apparatus and antipodals of the embryo sac. It is certain from 
the transitional conditions presented in the gymnosperms that the 
sperm and egg nuclei of the spermatophytes are homologous with the 
same gamete nuclei of the pteridophytes, and that they stand for 
antheridia and archegonia which have lost most and in some cases all 
of the sterile tissue characteristic of these organs as found in the 
bryophytes and pteridophytes. 

With respect to the origin of the antheridium and archegonium, 
the investigations of HOLFERTY are strongly in support of the hypothe 
sis previously suggested by the author (DAvis’03¢). This hypothesis 
may be briefly summarized as follows: Since the antheridium and 
archegonium are multicellular structures from the beginning, and are 
morphological units developing from well-defined growing points, 
they cannot have been derived directly from the unicellular sexual 
organs (gametocysts) generally present in the thallophytes. They 


must have arisen from a multicellular structure (gametangium), 
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which was probably at the level of isogamy in its sexual evolution, 
because the gametogenous tissues in the antheridium and archegonium 
are essentially similar in structure, as is also true of the sterile tissue 
forming the surrounding capsule. The only multicellular reproduc- 
tive organs of the thallophytes which offer any possible points of 
relation seem to be the so-called plurilocular sporangia or game- 
tanga of the Phaeosporeae, and similar structures in certain green 
algae, Schizomeris, Stigeoclonium tenue irregulare, and conditions 
occasionally found in Draparnaldia and Chaetophora. Such multi- 
cellular reproductive organs of course must be regarded only as 
representatives of a certain type of structure (sporangium or game- 
tangium), and not as direct ancestors of the sexual organs of bryo 
phytes and pteridophytes. I have never associated the archegonium 
closely with any individual form as Miss Lyon (’o4, p. 281) might 
lead one to suppose. 

These sporangia and gametangia of the brown and green algae 
have the peculiarity that the original cells divide up into a great num- 
ber of very small cells (loculi), each of which often develops but a single 
zoospore or gamete. It is probable that the extensive cell division 
by which each zoospore or gamete is often given a separate compart- 
ment in the general structure is responsible for the origin of a multi- 
cellular reproductive organ (sporang:um or gametangium) from some 
type of unicellular structure (sporocyst or gametocyst). These spor- 
angia and gametangia of the brown and green algae are known to be 
modified branches, generally somewhat smaller than vegetative 
branches. Should such gametangia be placed under environmental 
conditions demanding protective coverings (as by a change from water 
to a land habitat), the first expression would be the sterilization of the 
outer layer of cells to form a protective capsule around the interior 
gametogenous tissue. Such an advance would give the essential struc- 
ture of an antheridium and an archegonium, and further specialization 
need be only along the well-known lines of sexual differentiation, 
by which one form of gametes would become somewhat modified as 
small sperms, and the other form, by loss of motility and through 
numerical reduction and consequent conservation of material for a 
few gametes, would become large eggs. These matters have been 


discussed in full in the author’s paper on “The origin of the arche 
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gonium”’ (DAvis ’03c) and the reader must be referred to that for 
a detailed treatment of the subject. 

Miss Lyon (’04) has discussed the interesting problem of the rela- 
tion of the sunken gametangia, characteristic of certain pteridophytes 
(especially Lycopodium) and such liverworts as Anthoceros and 
Aneura, to the stalked archegonium and to my theory associating 
these structures with plurilocular sporangia. She is inclined to derive 
the sunken structure from an indeterminate region of gametogenous 
cells which later might develop into an emergence with the general 
characters of a gametangium (plurilocular sporangium). This view 
carries the origin of the archegonium still further back, and allows the 
organ to develop through an emergent gametangium into the stalked 
structure, or to remain partially or wholly imbedded in the tissues of 
the gametophyte. In the first group the archegonia would become 
definite gametangia, comparable to plurilocular sporangia; while in 
the second they would remain as less defined or indeterminate regions 
of gametogenous tissue. The chief difficulties in this view, in the 
author’s opinion, lie in the remarkable unity of structure displayed 
by the archegonium, in the presence of a single terminal opening, 
and the situation of the egg at the bottom of an axial row of gametog- 
enous cells, which conditions imply an origin from some definite 
type of gametang um whose fertile tissue was limited to a central 
region. The rarity among the known thallophytes of indeterminate 
regions of gametogenous tissues present, further important difficulties 
in Miss Lyon’s theory. 

Miss LYON (’o4, p. 289), however, is inclined to pass lightly over 
the latter difficulties, believing that transitory conditions may ‘be 
readily found among the algae.” She discusses several types and 
presents a diagram of Ulva indicating a gametogenous tissue of 
considerable thickness at the period of reproduction. This is a very 
deceptive diagram, for not only are there no walls formed between 
the successive segments of protoplasm in the mother-cells, but the 
latter are remarkably well-defined sporocysts, each independent of 
its neighbors. ‘The membrane of Ulva is very far from constituting 
a thallus several layers of cells thick, or even a differentiated tissue. 
In Phyllitis there appears a successive segmentation of the protoplasm 
within the mother-cells with the formation of walls by which the 
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zoospores or gametes are finally developed, each in its own compart- 
ment, and this fact makes the group of cells derived from each mother- 
cella sporangium or gametangium. The groups are quite independent 
of one another and there is little hint of a tissue. Essentially the same 
conditions are found in Punctaria. Porphyra is probably very similar 
to Ulva in its methods of spore-formation, whatever may be the signifi- 
cance of the so-called antherozoids and carpospores. 1 am impressed 
with the exceeding rarity in the thallophytes, and indeed in all plants, 
of indeterminate regions of gametogenous tissue, and I know of no 
form that illustrates clearly Miss Lyon’s conception of primitive con- 
ditions such as she has tried to illustrate by her diagrams of Ulva. 
Miss Lyon might have made her case appear stronger on first 
glance by citing Schizomeris and Pylaiella as illustrations of “inde 
terminate masses of reproductive cells.” In these two types the 
sporocyst and sporangium or gametangium come so close together 
that the general morphology of the respective fruiting filaments is 
almost identical. The distinctions, however, lie in the presence of very 
numerous cell walls which are never found in sporocysts, and which 
give the compartment structure to the sporangium and gametangium. 
The development of cell walls following the segmentation of 
protoplasm during sporogenesis may seem a very insignificant factor 
on which to base a broad classification, but I think that close examina 
tion will prove it to be of fundamental importance, because the intro 
duction of these walls transforms a reproductive cell into a tissue, 
however simple the arrangement may be. I doubt if it is possible 
to derive a clearly defined structure from the mere association of a 
group of sporocysts or gametocysts, without the cell divisions indicated 
above which immediately change the groups of reproductive cells 
into sporangia or gametangia. When a number of closely associ- 
ated reproductive mother-cells divide in this manner, the tissue may 
become quite extensive, and if these cells make up a well-defined 
structure, as perhaps a filament or some emergent region, there is at 
once developed an organ. There are abundant illustrations of these 
simple conditions, in various stages of relative complexity, in the 
Phaeosporeae; for example the Ectocarpaceae present a wide range 
from the generalized fruiting filaments of Pylaiella to the specialized 


sporangia and gametangia (plurilocular sporangia) of Ectocarpus. 
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In this distinction of protoplasmic behavior during sporogenesis 
and gametogenesis (7. e., the formation of cell walls during the seg- 
mentation of the protoplasm) lie the fundamental peculiarities of 
the sporangium and gametangium. And in this distinction are based 
my views of the homologies and origin of these structures. Associated 
with the peculiarity is the fact that sporangia and gametangia are 
almost universally superficial, and perhaps always have their origin 
from superficial cells. There may be exceptions to this general rule, 
as the antheridia of Anthoceros and some sunken sexual organs of 
the Lycopodineae, but these have not been sufficiently studied to 
justify conclusions. Thus, EMMA LAmMPA (’03) has obtained Antho 
ceros plants bearing antheridia of superficial origin, and regards 
these as representing primitive conditions, and one cannot guess 
what investigations among the pteridophytes may bring forth. The 
reasons for the superficial position of repre wluctive organs are probably 
at bottom physiological, although of course one may readily advance 
teleologic al explanations. 

I do not find the same difficulty as Miss Lyon in deriving the gener- 
alized and sunken sexual organs of some pteridophytes, notably the 
Lycopodineae, from superficial structures. Of course one does not 
relate them to extreme emergent types, such as are found in the 
Jungermanniales and Marchantiales. But a simple type of arche 
gonium, sessile upon the gametophyte, might incorporate adjacent 
cells into its structure, especially if these are so generalized in char 
acter as to have reproductive potentialities, and thus become a more 
or less sunken structure. The emergence of an archegonium depends 
chiefly on the pushing out of a superficial cell, from which, so far as 
we know, the neck region is derived as from a growing point. And 
the egg in many sunken archegonia unquestionably takes its position 
because adjacent cells develop an uplifted portion of the gametophyte 
around it. Gametangia which are deeply sunken in the gametophyte, 
as in Lycopodium (and few have been reported), are perhaps as 
extreme in the direction of suppression as are the gametangia of 
mosses and most liverworts in the direction of emergence. These 
submerged sexual organs present difficulties that demand special 
investigation as to their origin. Thus, there may be an evolution 


of the sessile gametangium in both directions, on the one hand 
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leading to uplifted stalked structures and on the other resulting 
in a submerged condition. We know at present too little of the com- 
parative structure and development of the archegonium and antherid 
ium, to define safely the evolutionary tendencies throughout the 
various groups of the pteridophytes. 

Ill. COENOGAMETES. 

Coenogametes (DAVIS ’oo, p. 307) are multinucleate sexual cells 
and are morphologically either gametocysts that have become changed 
directly into gametes or they are restricted portions of such cells. 
Recent investigations have established their presence in various 
Phycomycetes and Ascomycetes, and it is probable that future 
studies will show them to be a type of sexual organ common in these 
regions of the plant kingdom. We do not know enough to justify 
speculation as to the exact relationships of these structures, but it is 
not likely that they are all closely related to one another, and it is 
very probable that various types of coenogametes may have arisen 
independently. 

Coenogametes fall into two classes: (1) those in which all of the 
protoplasm of the parent cell is retained in the gamete; and (2) those 
in which only a portion of the protoplasm is thus utilized, the remain- 
der being devoted to other functions than that of reproduction. It 
is not perfectly clear as yet whether the evolutionary tendencies are 
from the first group towards the second or vice versa, or perhaps 
irregularly both ways. But from our knowledge of the lines of sexual 
evolution in the other two groups of sexual organs (gametocysts and 
gametangia), the author believes the general advance to be from the 
simpler first class of coenogametes to the more complicated second 
( lass. 

Coenogametes of the first class are best illustrated by the sexual 
organs of the Mucorales and the Gymnoascales. The latter group 
has been recently studied by Miss DALE (’03), who finds that the 
earliest stage of the gamete is a uninucleate cell which becomes 
multinucleate as it increases in size. After the union of these coeno- 
gametes the ascogenous hyphae develop from a coiled prolongation 
that grows out from the fusion cell. We do not know the history of 
the nuclei in the fusing gametes of the molds or in Gymnoascus, but 
there is every reason to expect that most of them unite in pairs, as is 
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the case under similar conditions in Albugo Bliti and Pyronema. It 
is probable that the conditions in Gymnoascus will be found to be 
generally present in what are usually called the lower groups of the 
Ascomycetes. It looks very much as though such genera as Eremas 
cus, Eurotium, Ceratostoma, Sordaria, and Ascobolus will be found 
to present sexual organs essentially similar to those of Gymnoascus. 
Their general agreement with the sexual processes of the Mucorales 
may have great significance in connection with the origin of the 
coenogamete and possible relation of the Mucorales and Ascomycetes 
to one another or to a common algal ancestry. 

Coenogametes of the second class are much better understood with 
respect to the details of protoplasmic structure and behavior than those 
of the first class. The development of the sexual organs and processes 
of fertilization are perhaps as well known in Albugo (STEVENS ’99, 
or) and Pyronema (HARPER ’oo) as for any plant types. In A/bugo 
Bliti and A. Portulacae the ooplasm contains numerous nuclei, and 
an equally large number is introduced into the egg from the male 
coenogamete, these sexual nuclei then fusing in pairs. Other species 
of Albugo (e. g., A. Tragopogonis) show a lessening number of func 
tional and potential gamete nuclei in the egg, until forms are reached 
in A. candida and A. Lepigoni (RUHLAND ’03) whose eggs are nor 
mally uninucleate. This series in the genus Albugo, so well described 
by STEVENS (or), is very interesting and we shall refer to it again. 
All other genera of the Peronosporales have, so far as is known, 
uninucleate eggs (Pythium, Peronospora, Sclerospora, and Plasmo 
para). In Pyronema there is developed a conjugating tube that takes 
out of the female coenogamete many of its nuclei. But a very large 
number are left in the structure, and these fuse in pairs with numer 
ous male nuclei that enter the female cell by way of the conjugating 
tube. The female coenogamete of Monascus, according to BARKER 
(03), cuts off a sterile cell and thus disposes of some of its protoplasm. 
The recent discussion of IkENO (’03) as to the systematic position of 
BARKER’s form deals with the life history after fertilization. There 
is no criticism of BARKER’s account of the structure of the sexual 
organs. Although not positively established, there are good reasons 
for believing that the numerous gamete nuclei of Monascus fuse in 


pairs as in Albugo Bliti, A. Portulacae, and Pyronema. 
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The Perisporiaceae, Lichenes, and Laboulbeniaceae among the 
Ascomycetes present sexual organs of a highly differentiated character. 
These are very much specialized groups whose morphology and life 
histories indicate a degree of development and differentiation far 
above most of the simpler forms that we have just discussed (Gym- 
noascus, Monascus, Pyronema). The gametes of Sphacrotheca 
(HARPER 795, ’96) are uninucleate, and it becomes an interesting 
problem whether or not this form stands at the end of a series repre- 
senting nuclear reduction from a coenogamete, such a series as is 
illustrated by the species of Albugo. The recent studies of BAUR 
(98, ’o1) and DARBISHIRE (’oo) on the lichens have clearly estab 
lished the sexuality of these forms and the significance of the asco 
genous hyphae. But we do not sufficiently know the nuclear condi- 
tions to justify any extended speculations on the homologies of the 
cells in the archicarp and trichogyne of the female sexual organ. 
And similarly the sexual organs of the Laboulbeniaceae (THAXTER 
’96) present most interesting and puzzling complications of cell 
structure that cannot be explained until we know the detailed history 
of the nuclei in the processes of development and fertilization. 

In a discussion of the origin and evolution of coenogametes much 
depends upon the relation of the structures in the first and second 
class. Which is the more primitive type? Some botanists will 
claim that conditions of the first class (Mucorales and simpler Asco- 
mycetes) illustrate degeneration from h'gher sexual forms. The 
author is of an opposite opinion, believing that the coenogametes of 
the first class illustrate closely the conditions of very simple and the 
most primitive types of coenogametes. This view has been discussed 
in a previous paper (DAVIS ’03 b, pp. 233-327, and 331-339), but may 
be summarized briefly here. 

The coenogametes of the first class are morphologically gameto 
cysts which have given up the function of forming numerous gametes 
(represented by the many nuclei), but obeying chemotactic influences 
of a sexual character fuse with one another as coenocytic units. 
They would represent a relatively low level of sexuality (isogamy), 
and their progenitors would be looked for among groups whose 
gametocysts discharged motile gametes that fused in pairs, as is 


illustrated among the isogamous Siphonales. An ancestry of this 
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character under certain conditions, as through a change from aquatic 
to aerial habits, might give up the habit of developing motile sexual 
elements, which would be represented, however, by the numerous 
gamete nuclei fusing in pairs in the cytoplasmic union of the parent 
coenogametes. We have excellent illustrations of the sacrifice of 
motile spore-forming habits in the conidia of Peronospora and some 
species of Pythium, which germinate by a tube instead of developing 
zoospores. ‘These conidia are morphologically sporocysts which 
have become coenocytic units, and coenogametes are gametocysts 
which have become coenocytic units. It must not be supposed that 
coenogametes are all related to one another. They might readily 
arise, according to our theory, from various types and at different 
times, thus making possible a number of developmental lines. 

The coenogametes of the second class are restricted portions of 
cells, which like those of the first class are morphologically gameto- 
cysts. Indeed in many cases the mother-cell is essentially a unit, 
even though only a part of the protoplasm is actually the sexual ele- 
ment, because the remainder has some special relations or functions 
in connection with the sexual processes. Thus the periplasm of the 
Peronosporales and the conjugating tube of Pyronema hold such 
intimate relations to the sexual portion of the protoplasm that the 
entire gametocyst is really a coenocytic unit, and might be called the 
coenogamete instead of the restricted portion that is actually fertilized. 
From the conditions in the genus Albugo it would seem that some 
coenogametes of the second class follow the general law of sexual 
evolution, reducing the number of functional gamete nuclei until 
the eggs are uninucleate. The series from Albugo Bliti and A. 
Portulacae through A. Tragopogonis to A. candida and A. Le pigoni 
is a most interesting one, and the author (DAvis ’03 ), p. 323, 324) 
has already expressed his agreement with STEVENS and RUHLAND 
that the drift of development in the genus is plainly in the above 
order, from the multinucleate to the uninucleate egg. We may hope 
with increasing studies on the sexual organs of Ascomycetes to dis 
cover evolutionary lines in this group, but our knowledge is entirely 
insufficient at present to justify conclusions. Thus, uninucleate 
gametes like those of Sphaerotheca may represent the last stage in a 


process of nuclear reduction. And along a very different line such 
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structures as conjugation tubes (Pyronema), accompanying sterile 
cells (Monascus), or an investing cellular envelope (Araiospora) 
might give rise to more conspicuous accessory structures. 

It need not be supposed that coenogametes of the second class are 
all derived from those of the first class, and in some regions there are 
good reasons for believing that this has not been the case, especially 
since the processes of oogenesis in Vaucheria (DAviIs ’04) conform 
in the most essential features with those of the Peronosporales and 
Saprolegniales. These three groups agree in the fundamental fact 
that extensive nuclear degeneration takes place in the gametocysts 
previous to the formation of the sexual cells. In Vaucheria all but 
one of the nuclei become disorganized. In Saprolegnia a number 
survive in relation to several coenocentra that determine the position 
of the eggs which are occasionally bi- and trinucleate. In the Pero- 
nosporales the surviving nuclei lie in the ooplasm, and when only 
one is selected it is because of close proximity to the large coenocen- 
trum. These conditions in the Peronosporales and Saprolegniales 
are so similar to one another and to Vaucheria in various particulars 
that there are evident relationships, but whether these are direct or 
more general by way of a common ancestry among the lower Siphon- 
ales is a problem that perhaps may be better handled when we know 
more clearly the processes of oogenesis in such forms as Sphaeroplea, 
Monoblepharis, and some other types. Their processes of oogenesis 
are likely to conform to the type in Vaucheria. 

Whatever may have been the origins of the several types of coeno- 
gametes representing the second class, problems which are very 
difficult and perhaps impossible to solve with the fragmentary evidence 
left to us, we can at least attempt to judge the probable direction of 
their development, and possibly establish some system or law of their 
sexual evolution. As stated before, some botanists will hold that 
even the simplest forms of coenogametes (Mucorales and Gymnoas- 
cales) have been derived from heterogamous algae by processes of sim- 
plification or degeneration. The author cannot take this attitude, 
believing as he does that the simplest coenogametes have had their 
origin from isogamous algae, that they may tend to pass into higher 
conditions leading to those of heterogamy, and that very much the 
same factors are at work to differentiate the sexual elements in this 
region of the plant kingdom as among the algae. 
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The old group of the Oomycetes has been a favorite starting point 
for evolutionary lines in the Ascomycetes and Mucorales. DEBARY 
pointed out the resemblances between the Ascomycetes and members 
of the Peronosporales, and since his time a number of writers have 
traced lines of relationship with greater or less detail. The most 
recent expression, that of BARKER (’03), considers Albugo as presenting 
sexual organs sufficiently primitive to be like the progenitors of the 
Ascomycetes. The less complicated sexual organs of Gymnoascus, 
Eremascus, etc., and the similar conditions in the Mucorales have 
very generally been regarded as derived from higher conditions (as 
in Albugo) by a process of simplification or degeneration, whereby 
sexually different gametes become essentially similar. 

The two regions of the algae most discussed in attempts to establish 
points of origin of the higher Phycomycetes and Ascomycetes have 
been Vaucheria and the Rhodophyceae. The resemblances of Vau 
cheria to the Peronosporales and Saprolegniales are very striking, the 
more so since the recent studies in oogenesis have brought all groups 
into close sympathy. The author believes that that there are relation 
ships here, although probably they are not direct. But when the 
Mucorales are annexed on the theory that the highly differentiated 
sexual organs of heterogamous groups may become generalized to 
those of the molds, then difficulties appear which seem at present 
insurmountable. There is no morphological evidence of such a line 
of development, and the process as a- physiological event would be 
quite unparalleled and contrary to all known principles of sexual evo- 
lution. And similarly BARKER’s view that Albugo Bliti presents 
sexual conditions simple enough for the most primitive ascomycete 
does not seem to the author justified by its cell and nuclear activities 
(DAvis ’03b, pp. 344, 345). 

The remarkable resemblances between the Laboulbeniaceae and 
the Rhodophyceae have been noted by THAXTER (96), who has sug 
gested that the Ascomycetes may have arisen from this point in the 
plant kingdom. The similarity of the Laboulbeniaceae to the red 
algae is certainly very striking, and there are no more interesting 
problems in this region of plant morphology than those involving 
careful comparisons of the sexual processes and the development 


of the cystocarp and ascocarp in these two groups. There are indica 
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tions among the red algae in the trichogyne nucleus of Batrachosper- 
mum and its binucleate sperms (SCHMIDLE ’99) of conditions which if 
found more generally may assist to a clearer understanding of these 
remarkable fungal groups and materially support THAXTER’s view. 

It is very difficult to conceive a relationship between the sexual 
organs of the simpler Ascomycetes (Gymnoascales, etc.) and those of 
the lichens and Laboulbeniaceae. One can scarcely conceive of a pro- 
cess of simplification by which the former could have come from the 
latter. On the other hand, the general principles of sexual evolution 
operating upon the simple sexual organs of the lower Ascomycetes 
would be more likely to result in the conditions illustrated by Monascus, 
Pyronema, and Sphaerotheca than those of the lichens and Laboulben- 
iaceae. Suchan evolution would also be in sympathy with the general 
ascending complexity of vegetative thallus and ascocarps in the forms 
under consideration. This view would place the progenitors of the 
simpler Ascomycetes in a region much lower than the Rhodophyceae, 
and perhaps relate them to certain Phycomycetes. There is of course 
the possibility of the Ascomycetes being polyphyletic, removing the 
Laboulbeniaceae from the general assemblage, which might dispose 
of these difficulties, but we must know much more about the 
comparative development of the ascocarps in the groups before such 
a view can be considered well-founded. 

The author cannot agree with any view that fixes the origin of the 
Mucorales and Ascomycetes from conditions illustrated by any known 
living form. The problems of relationship involve so many considera- 
tions, those of taxonomy as well as evolutionary tendencies in sex, 
that arrangements of living types in series seems futile. He believes 
that the most hopeful line of speculation will be founded on the close 
study of the principles of sexual evolution and a comparison of forms 
in this light, with such checks as may be furnished by the comparative 
morphology of all phases in the life history of the types. And these 
principles indicate to the author much simpler primitive sexual organs 
for the Ascomycetes and Mucorales than have been supposed, and 
with their origin below the Peronosporales (Oomycetes), and perhaps 
finally, for the Mucorales at least, from the isogamous Siphonales 
(DAVIS ’03, p. 335). 


We cannot at this stage in the progress of investigations give a 
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precise statement of the evolutionary tendencies of coenogametes, 
but certain factors may be considered, of which the principal ones 
seem to be cooperative in both the Phycomycetes and Ascomycetes. 
Assuming that coenogametes may have arisen at various times inde- 
pendently of one another, and from an ancestry at approximately 
the level of isogamy or slightly above it, their evolution might proceed 
along three or more divergent lines. They all agree in having very 
numerous potential gamete nuclei, and there is strong evidence from 
the processes of gametogenesis in Saprolegnia, the Peronosporales, 
Pyronema, and Vaucheria that these are under conditions which 
demand extensive nuclear degeneration. Consequently the evolu- 
tionary tendencies are largely concerned with the disposition of 
superfluous nuclei and seem to present the following possibilities. 

I. General nuclear degeneration may result in the survival of a few 
gamete nuclei in relation to coenocentra and the development of a 
limited number of eggs, as in the Saprolegniales. 

II. Superfluous nuclei with some cytoplasm may be differentiated 
as a periplasm, with functions to perform in laying down portions of 
the spore wall, which conditions accompanied by numerical reduction 
of the nuclei in the ooplasm give the general tendencies in the Peron- 
osporales. There is apparently presented in Araiospora (KING ’03) 
a modification of the habits in the Peronosporales, since the periplasm 
in this form develops a cellular envelope around the spore. 

III. Inthe Ascomycetes we have a much wider range of conditions, 
with proportionally much less knowledge of the forms, so that the 
working out of evolutionary lines becomes very speculative. How- 
ever, superfluous protoplasm with nuclei is used here to form acces- 
sory structures, such as the conjugation tube of Pyronema and the 
sterile cell of Monascus. ‘There is probably also numerical nuclear 
reduction, which would culminate in uninucleate gametes, as in 
Sphaerotheca. The multicellular trichogynes and archicarps of the 
lichens and the Laboulbeniaceae present some very difficult morpho- 
logical problems, with possible relations, however, to conditions in 
the Rhodophyceae, especially should further study in the latter group 
establish the presence of multinucleate sexual organs. 

The suggestions of the paragraph above must of course stand the 
test of extensive investigations on many more forms and with refer- 
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ence to points of general morphology as well as those that concern the 
sexual organs alone. The former would have been treated by the 
author had they appeared to present difficulties in his views, but they 
seem to be in general accord. Thus the simplest types of coeno- 
gametes are found in the simpler groups of Phycomycetes and 
Ascomycetes, and the more complex conditions in forms above. 

If coenogametes may lead up towards a heterogamous level of 
sexual evolution, their sexual organs, while closely resembling those 
of the algae, might not be strictly homologous. Thus the eggs of 
Saprolegnia and the Peronosporales do not seem to be the exact 
homologues of the eggs of any alga, and the female organ is unlike 
the typical oocyst because of obvious relations to coenogamete condi- 
tions. Their male organs differ from spermatocysts in their coeno- 
cytic behavior. Similarly the sexual organs of the Ascomycetes do 
not fall into the classification based upon the gametocyst. For these 
structures the old designations of oogonia, ascogonia (archicarps), 
and antheridia are applicable, and they will be thus distinguished 
from the two main classes of sexual organs, the gametocysts and 
gametangia. 

IV. SUMMARIZED LIST OF THE SEXUAL ORGANS OF PLANTS. 

This summary presents the new terms introduced in our discussion 
of the sexual organs of plants. As stated in the beginning of the 
paper, the establishment of a terminology is a matter of usage; its 
importance will rest entirely on the value of the classification and its 
ability to express the characteristics. These new terms will interest 
chiefly the morphologist who seeks to understand and express rela- 
tionships. Much of the work of taxonomy disregards difficult prob- 
lems of morphology, and in this subject the older descriptive terms 
(oogonium, antheridium, sporangium, etc., among the thallophytes) 
are sure to be used, in some cases without regard to the exact homol- 
ogies of the organs considered. 

Sporocysts are unicellular structures developing asexual spores. 

Gametocysts are unicellular structures developing uninucleate gametes. These 
are the most primitive types of sexual organs and are derived from zoos porocysts, 
unicellular structures that develop zoospores. Gametocysts become sexually 
differentiated into 
Spermatocysts, unicellular structures developing sperms, and 
Oocysts, unicellular structures developing eggs. 
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Gametangia are multicellular organs which develop uninucleate gametes. 
These are believed to be derived from zoosporangia, multicellular structures 
which form zoospores. According to the author’s hypothesis (Davis ’03¢) the 
gametangia of groups of extinct Chlorophyceae leading into the bryophytes 
became differentiated into 

Spermatangia (anther dia), multicellular organs developing sperms, and 

Oangia (archegonia), multicellular organs developing eggs. 

Coenogametes are multinucleate sexual cells, and are morphologically either 
gametocysts that have become changed directly into gametes, or they are restricted 
portions of such cells. In the Mucorales and Gymnoasceae the coenogamete con- 
tains all of the protoplasm of the parent cell. In the Peronosporales and certain 
Ascomycetes only a portion of the protoplasm of the gametocyst is utilized in the 
gamete, the superfluous protoplasm passing into sterile structures (periplasm, 
conjugating tubes, sterile cells, etc.). The sexual organs of these latter forms, 
which are probably higher conditions than the former, may very properly retain 
the old names of oogonium, ascogonium, and antheridium. The structure of the 
sexual organs of the lichens and the Laboulbeniaceae is not sufficiently known 
to establish their position in this classification. 
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A LICHEN SOCIETY OF A SANDSTONE RIPRAP. 
BRUCE FINK. 
(WITH FIVE FIGURES) 

THE ecologic conditions governing the composition of a given 
lichen society are interesting and instructive, though often difficult to 
determine with any degree of certainty. The writer has in various 
papers attempted to trace in a general way some of these conditions, 
treating a considerable number of societies and attempting to show 
how the plants are adapted structurally. Among other societies 
thus studied, there are a number occurring on sandstone, all surrounded 
by very similar climatic but quite different edaphic conditions. Some 
of these societies of the sandstones are surrounded by other lichen 
societies, usually of trees, and show most interesting instances of 
tension lines and invasions of certain lichen species from one to 
another of two adjacent societies. Discussions of these societies may 
be found in the writer’s papers concerning the lichen floras of Minne 
sota and Iowa. 

I. DESCRIPTION OF THE RIPRAP. 

The lichen society to receive special attention in this paper is 
peculiar in a number of ways. For some time it has seemed desirable 
to study other lichen societies of sandstone than those of ledges along 
streams, and advantage was taken of the first opportunity for such 
an investigation far from a large stream by taking a society found 
growing upon rocks removed from their native beds. Before con- 
sidering the society, it will be in order to state its location and to 
explain something of the surrounding conditions and antecedents 
which have made its existence possible. The riprap on which the 
society occurs forms a brace and a protection for a high grade of the 
Rock Island railroad, four miles west of Grinnell, lowa. The rock 
of which the riprap is constructed is the ferruginous sandstone of the 
lower Carboniferous, and was obtained at Kellogg, some thirty miles 
westward on the same railroad. The riprap lies on the north side of 
roadbed, and is in the form of a wall along the upper part of the grade 
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and four bracing extensions running downward and away from the 
track, nearly to the base of the high grade (fig. 1). The riprap wall, 
running parallel to the roadbed and 1.2™ below it, is 60™ long, 
varies from 1.5 to 2.5™ in perpendicular height, and rises at an angle 
of 45 to 55°. 


grade at right angles with the wall above and at an angle of about 30°. 


The four bracing extensions run down the sides of the 


The length of the extensions averages about 21™, and they vary from 


~m 


2 to 2.7" in width. A grass-sedge swamp lies to the north of the 








Fic. 1.—View of a portion of the northward-exposed wall and portions of two of 
the extensions, showing something of the spermatophytic flora and the general plan of 
structure of the riprap. 


society and contains a considerable amount of water in wet seasons. 
The vertical height of the grade above the swamp level is about 12", 
and the riprap extensions pass from within 1.2™ of the track bed, 
downward to within 3™ of the swamp level. The riprap was built 
in 1874 and is thus thirty years old. 
II. ECOLOGIC FACTORS. 

The conditions as a lichen-bearing substratum are unique in a 

number of ways. Though the same rocks used for walls under 


buildings and ten or more years older are apparently sound, the loosely 
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laid and more exposed rocks of the riprap have weathered consider- 
ably and differentially, the rate of weathering depending partly upon 
position and in part upon the amount of cementing iron contained 
in each particular piece. In its position away from running water, 
a portion of the disintegrating sand of the riprap remains on the ground 
and in the crevices and forms a small amount of soil upon which 
plants may grow. Again the riprap is partly swamp-bound, with 
woods some 150™ away. Also there are only two or three bowlders 
near by, the Kansan drift which covers the surrounding country 
carrying very few at the surface. Thus there are at present and have 
been since the establishment of the society no lichens, or at least none 
that can be detected readily, in the region immediately surrounding 
the society; for one would hardly look for lichens among the plants 
of the grass-sedge swamp or among the xerophytic spermatophytes 
of a gravelly railroad bed worked year after year. Hence we have 
here an isolated lichen society, which has developed to its present 
condition during the last thirty years, while separated from the nearest 
lichen society by 150™ 

How each individual species of the society found its way to the 
spot cannot now be ascertained certainly. Indeed, one well acquainted 
with lichens might pass the spot without examination, so complete 
is the isolation of the society and so barren do the rocks appear at first 
inspection. In fact it is only after an examination of the rocks with 
a hand lens and a careful survey of the crevices that anything of special 
interest is discovered. ‘Till recently cut, a group of oaks and other 
trees were standing about 150™ distant from the riprap, and these 
trees bore the foliose Parmelias and Physcias, the fruiticose Ramalinas, 
and the crustose Placodiums, Lecanoras, and Rinodinas. But the 
trees were young when cut, the largest measuring scarcely more than 
a foot in diameter and the majority about half this size, and were 
mere shrubs when the riprap was made, surely not carrying any of 
these lichens, except perhaps some of the crustose forms. Were 
trees of good size and bearing lichens immediately surrounding the 
society, the lichens from the trees would now be gaining a foothold 
on the riprap blocks, though not so well adapted to the substratum 
as some other lichens. Were numerous bowlders near at hand, 


another type of lichens might now be less sparingly represented in the 
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society. But the lichens of the trees 150™ away are on the whole of a 
type very sparingly represented on the riprap, those of the trees being 
of the genera mentioned above and very seldom seen on the riprap, 
and in the main then by different species, while those of the riprap 
society are mainly a number of crustose species absent from the trees 
or only sparingly represented on them, and several fruticose species 
wholly absent from the trees. All of this will appear more plainly 
after a list of species of the society under consideration is given. The 
causes which have led to the possession of the riprap by certain 
types of lichens may also be discussed to better advantage later, the 
intention here being merely to bring out the fact that proximity has 
not enabled the lichens of the trees to gain possession of the rocks 
in face of certain unfavorable conditions, and that other types have 
consequently gained the ascendancy. 

As to moisture, the swamp brings an abundance of soil moisture, 
especially toward the lower ends of the riprap extensions. Thus at 
certain times, as in wet seasons and after rains, the fruticose Clad- 
onias grow well in the somewhat shaded and moist openings between 
the blocks of riprap, and pass into the desiccated condition without , 
injury whenever the moisture becomes deficient. Since the soil 
moisture does not pass upward through the loose riprap to any great 
extent, and the small blocks retain very little moisture, the upper 
surface of the sandstone blocks becomes drier than would the upper 
surface of a similarly exposed solid wall or natural exposure of the 
same kind of rock. Accordingly the conditions on the upper surfaces 
of the extensions are quite xerophytic, especially toward the upper 
portion of each extension where farthest removed from the swamp 
and where the vertical height of the extensions averages about 1.8™. 
Passing downward on the upper surface of the extensions, as the 
height of each one gradually decreases and the soil becomes more 
moist, the soil moisture works upward through the riprap blocks 
more and more, so that the conditions become gradually less xero- 
phytic. Passing to other considerations for the present, the change 
in lichen species upon the upper surface, resulting from the varying 
ecologic conditions, will receive attention below. 

The conditions determining the composition of the lichen society 


are plainly quite different, surely drier and doubtless on the whole 
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somewhat less varied than those affecting the seed-plants surrounding 
the lichens. Yet for those more accustomed to the considerations 
of societies of these higher plants, a brief statement of the types of 
seed-plants will be more illuminating than would a mere statement 
of physiographic conditions and the corresponding structural adapta 
tions of the lichens. So although the conditions affecting the lichens 
are somewhat different, we will no doubt be able to consider the lichen 
society more intelligently after such brief view of the higher plants. 
On the upper surface of the extensions and along the northward 
facing riprap wall, the xerophytic conditions are plainly seen in the 
few scattered seed-plants, including Onagra biennis, Lepidium inter 
medium, Ambrosia arlemisiaejolia, Cassia chamaecrista, Hordeum juba- 
tum, Polanisia trachys perma, Polygonum scandens, V erbascum Tha psus, 
and Cenchrus tribuloides. The same xerophytes occur on the dry 
gravel of the road bed with Equisetum arvense, Chenopodium Botrys, 
and one or two others; and in passing downward one encounters 
dry meadow, wet meadow, and grass-sedge swamp conditions, all 
in the few meters, the hydrophytic flora of the swamp showing a num- 
ber of large grasses and sedges, Cicuta maculata, Typha latijolia, 
Alisma Plantago, Scirpus lacustris, some forms of Sagittaria, and a 
number of fresh water algae in the limited areas where water stands 
a larger part of the time. 


II. COMPOSITION OF THE LICHEN SOCIETY. 


That such rapid transition in seed-plant flora should be accom 
panied by somewhat similar conditions in the lichen flora would be 
expected; but the riprap does not extend down to the swamp, and 
the lichens either do not grow on the soil, or when they do they have 
in their rhizo'ds poor means for seeking moisture as compared with 
the somewhat fleshy and deep-growing roots of some of the xerophytic 
seed-plants named above. Hence the lichens are not so much affected 
by the conditions as to soil moisture as are the seed-plants. Accord 
ingly the moisture-loving Collemas, Leptogiums, and Pannarias are 
entirely absent. ‘The extreme xerophytic adaptation as to lichen flora 
is shown in Biatora myriocar poides, which grows abundantly on the 
driest portions of the upper surfaces of the riprap extensions, this 


plant representing in the more xerophytic lichen society what the 
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xerophytic seed-plants named above do in the spermatophytic society. 
The lichens composing the society, naming the genera in the order 
of the importance of one or more of their species as floral elements of 
the society, are as follows: 


Biatora myriocarpoides (Fr.) Tuck. (Lecidea salvicola Flt.), the most common 
lichen of the society, and most abundant on the driest and most exposed portions 
of the riprap extensions; appearing as dark stains on the rocks, the nature of 
which can only be ascertained with hand lens. 

Bacidia (Biatora) inundata (Fr.) Kbr., replacing the last above to some extent 
in the more moist and shaded portions of the society, both on rocks and soil, the 
plant being as the name indicates somewhat hydrophytic in nature. This species 
also occurs sparingly mingled with the last in quite dry portions of the upper sur- 
face of the riprap extensions, where the thallus is more scanty than in its more 
natural habitat. The two plants, where occurring together, are very difficult to 
distinguish macroscopically. 

Cladonia mitrula Tuck., on earth and rock along the northward-facing wall; 
frequent; rarely on the extensions. 

Cladonia cariosa (Ach.) Spreng., on soil from disintegrated and somewhat 
shaded rock; rare. 

Cladonia cristatella vestita Tuck., on more or less disintegrated rock and 
usually on the lower and more moist portions of the riprap where more or less 
shaded; rare. 

Cladonia furcata (Huds.) Schrad.; only one well developed plant seen and 
that in a well protected and moist place on the east basal part of the upper portion 
of one of the riprap extensions. 

Cladonia fimbriata coniocraea (¥lt.) Wainio, in shaded or somewhat exposed 
places and more often toward the moist basal portions and sides of the riprap 
extensions; quite frequent; hitherto reported in Iowa under the varietal name 
tubaejormis Fr., which has also included the next. 

Cladonia fimbriata apolepta (Ach.) Wainio, with the last, but rare and difficult 
to distinguish. 

Cladonia fimbriata simplex (Weis.) Wainio, in well shaded spots; rare; new to 
Iowa, and easily confused with the second below, from which it differs in its more 
slender habit, its more sorediate condition, and its tendency to pass into the 
irregularly cylindrical forms of the last two above. 

Cladonia pyxidata neglecta (Flk.) Schaer., in more or less damp and shaded 
places on disintegrating rock; frequent. 

Cladonia pyxidata chlorophaea (Spreng.) Flk., in more or less shaded places 
toward the base of the riprap extension; rare. These two varieties have not 
previously been recognized in Iowa collections. 

Cladonia gracilis dilacerata F\k., on shaded or northward-facing and more 
or less disintegrated surfaces: rare 
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Cladonia gracilis dilatata (Hoffm.) Wainio, occurring with the last; rare. 
These forms have not been recognized before in Iowa, but have been included 
under the partial synonym var. hybrida Fr. 

Stereocaulon paschale (L.) Ach. (?), on exposed and little disintegrated rock, 
but better developed toward the basal, damp, and more disintegrated portions 
of the riprap extensions. Small and perhaps as near S. coralloides. A northern 
species new to Iowa. Frequent, but only once seen in fruit. 

Lecanora cinerea (1..) Sommerf. (?), on exposed and comparatively firm rock; 
once seen and sterile. 

Lecanora muralis saxicola (Poll.) Schaer., occurring as the last; once seen and 
sterile. 

Placodium aurantiacum (Lightf.) Naeg. and Hepp, on firm rock of the riprap 
wall; once seen. 

Placodium vitellinum (Ehrh.) Naeg. and Hepp, on firm and exposed rock; 
rare. 

Placodium cerinum (Ehrh.) Naeg. and Hepp (?), occurring as the last and 
rare; spores immature. 

Acarospora (Lecanora) cervina fuscata (Schrad.) Fink; once seen on firm rock 
of the northward-facing wall. 

Acaros pora (Lecanora) xanthophana (Nyl.) Fink, on exposed and firm rock; 
once seen and sterile. 

Rinodina sophodes (Ach.) Kbr.; once noted on a firm and exposed spot where 
the rock was especially hard because of the presence of a large amount of iron. 
In rapid field work the plant is not easily distinguished from the first of the list 
and may be somewhat more common than appears at present. 

Lecidea enteroleuca Ach., on exposed rock, rare and easily passed over for the 
first of the list. 

Verrucaria muralis Ach., on exposed and comparatively firm surfaces; rare. 

Verrucaria juscella Fr., occurring with the last and more rare. 

Parmelia Borrert Turn., on quite firm, but somewhat damp and shaded rock; 
rare and sterile. 

Parmelia cons persa (Ehrh.) Ach., occurring as the last and also very rare and 
sterile. 

Physcia stellaris (.) Tuck., once seen on the shaded, northward-exposed 
wall. 

Ramalina calicaris (.) Fr., on damp surfaces toward the base of the north 
ward-facing wall; once seen. 

Dermatocar pon (Endocar pon) pusillum Hedw., on somewhat shaded rocks of 
one of the riprap extensions; very rare. 

Besides the thirty forms listed above, there occurs commonly a 
sterile thallus somewhat like that of Amphiloma (Pannaria) lanugi 
nosum (fig. 2). This thallus is without distinct cortex and seems 
nearly as rudimentary as that of Amphiloma, but is verrucose rather 
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than finely granular, is chinky or subareolate and not so distinctly 
sorediate as the thallus of Amphiloma. This unknown thallus seems 
also to resemble that of Urceolaria scruposa in microscopic structure, 
but it is not so well developed. This lichen is a very conspicuous 
feature of the society and is common toward the basal, damp ends 
of the riprap extensions, especially the eastward two. , It also extends 
upwards to the upper end of the extensions, but in passing upward 
is confined more and more to the damp sides and crevices. 





Fic. 2.—Blocks of riprap at the side of one of the extensions, showing thalli of the 
Amphiloma-like lichen. 


IV. TYPES OF THALLI REPRESENTED. 

As to types of lichen thalli in the society, we have in the main the 
rudimentary type with leprose or finely granular surface and devoid 
of cortex, and the fruticose cylindrical type with protective and 
strengthening pseudocortex of mostly parallel and _ longitudinal 
hyphae. Other types, as the foliose and the areolate or squamose 
corticate-crustose forms, appear but rarely and do not form a conspicu- 
ous portion of the society. The first type of thallus is represented 
by the first two lichens of the list, and by the Amphiloma-like thallus. 
The first, Biatora myriocarpoides, was doubtless the first lichen to 
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gain possession of any considerable portion of the riprap and is 
still abundantly maintaining itself in the drier places where the rock 
is not disintegrating so rapidly. The second of the list, Bacidia 
inundata, occupies similar but moister surfaces of both wall and 
extensions, its thallus varying considerably according to conditions 
of moisture, being well developed in the moist places where the 
species is usually found, but almost wanting in the dry, exposed 
places. These two species seem to prevail here instead of the better 
developed types of crustose thalli, because the rock disintegrates too 
rapidly for the possibility of extensive establishment of the better 
developed thalli. ‘The better developed crustose thalli are the forms 
that prevail on such hard rocks as the Sioux quartzite, or as we shall 
see shortly, on riprap of similar sandstones where drier and disinte 
grating more slowly, and are represented in the present society by 
the rare specimens of Lecanora, Placodium, and Acarospora. A 
hasty study of the similar thalli of the Biatora and the Bacidia above 
named scarcely reveals definitely why one should be more xerophytic 
than the other, though the thallus of the former is on the whole more 


? closely adnate than that of the latter. However, the Biatora shows 
under the microscope a more pronounced xerophytic adaptation in 
| e . ee ° ° 

the somewhat tougher, more lecideine condition of the hypothecium 


and exciple, and in the somewhat better development of the para 
physes. 

The cylindrical type of thallus is represented by the Cladonias 
and by the single species of Stereocaulon. These lichens thrive best 
in the soc iety where they may have a fair supply of moisture and shade, 
when somewhat protected from the wind, and on soil, or on rocks 
somewhat disintegrated. The conditions as to moisture, shade, and 
protection from wind are all fairly well met in the crevices toward 
the base of the northward-facing wall, in the openings between riprap 
blocks, and in certain places protec ted more or less by a projecting 
block. As has been stated, these plants are often able to maintain 
themselves in spite of disintegration, and when the product of dis 
integration remains 7m situ are actually invigorated by the process 


and finally come to rest on a sandy soil 
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V. VARYING ECOLOGIC CONDITIONS AND RESULTING DISTRIBUTION 
OF MEMBERS OF THE SOCIETY. 

Plainly the conditions on the upper surface of the riprap extensions 
become less xerophytic n passing downward toward the swamp 
below, and also because the riprap is not so high toward the lower 
ends. The gradual increase in amount of moisture influences per- 
ceptibly the distribution of the lichens upon the riprap extensions. 
Biatora myriocar poides is more prevalent toward the upper portion 
of each extension, not because it is poorly adapted to the more moist 
conditions farther down, but because in the latter position the plant 
must compete with others as well or better adapted to the position. 
The Amphiloma-like hing, in its distribution upon the riprap, shows 
a most delicate adjustment to conditions of moisture. At the lower 
ends of the extensions it is more common, rises to the exposed sur 
face and forms a conspicuous portion of the flora; while in passing 
upward, it becomes less and less conspicuous, and toward the upper 
ends is scarcely noticeable on the exposed upper surfaces of the 
blocks, but is frequently seen in crevices and increasingly so the 
deeper one may be able to look downward through the loose riprap. 
Bacidia inundata occurs on the northward-facing wall and competes 
with the last for position upon the upper surface toward the lower 
ends of the extensions, but from its inconspicuous character and less 
frequent occurrence does not form so conspicuous a portion of the 
society. The Cladonias also are most delicately responsive to mois- 
ture conditions in their distribution in the society (fig. 3). ‘Toward 
the lower ends of the extensions, they rise to the exposed surfaces of 
the riprap, and in passing upward are more and more inclined to 
seek the more moist and shaded positions in the cracks between the 
blocks of riprap and along the sides of each riprap extension or 
toward the base of the wall. It has already been noted that less 
moisture reaches the upper surface toward the upper ends where 
the extensions are higher, and it may be added here that these same 
surfaces are more exposed to the drying winds than those at the lower 
ends of the extensions and nearer the level of the general surround- 


ing surface, this condition also influencing the distribution of the 
Cladonias. 
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VI. ORIGIN OF THE SOCIETY. 

Just how each species arrived at the spot or when it came is not 
easily stated. It is supposed that fragments of lichens carried in 
the wind fall in places favorable for growth.’ Few of the lichens of 
the society are conspicuously sorediate, but it is probable that nearly 


all of them arrived at the spot from some place near at hand, through 


purely vegetative dissemination. In this way the species may even 





Fic. 3.—Somewhat shaded and disintegrated riprap blocks near ground on north 
side on an extension, with Cladonia fimbriata scattered throughout the field, C. jurcata 
at the left, C. cristatella vestita in the crevice at the forefront, and a few white thalli of 


the Amphiloma-like plant. 


have arrived from stations quite remote from their present position. 
Taking into account the statements given above as to the scarcity 
of lichens in the circle of 300™ in diameter and immediately sur- 
rounding the society, this supposition seems quite probable, at least 

for quite a number of the species. Yet the inconspicuous, crustose 
| species may have come from a few Kansan bowlders recently removed. 
Thus the Biatora and the Bacidia may have reached their present 
t Petree, G. J., The nature of the association of alga and fungus in lichens. Proc. 
Calif. Acad. Sci. IIT. 1:213. 1899. 
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habitat, and the same may be stated regarding the rarer crustose 
members of the society, such as the Lecanoras, the Placodiums, the 
Acarosporas, the Verrucarias, the Rinodina, and the Lecidea. Yet a 
few of these crustose forms may have come from the trees some 150™ 
away, some of the trees no doubt being old enough to bear these lichens 
at the time when the riprap was built or shortly after. These species 
are the first and the last Placodium of the list, the Rinodina, and the 
Lecidea. As to the C adonias, there are not any conspicuous 
Cladonia-bearing substrata within a mile, except the loess and Kan- 
san drift of railroad cuts, on which the first Cladonia of the list is 
very common. However, all of the Cladonias except C. jurcata 
have been found within a few miles of the society, and in all probability 
arrived from various places not far away. The northern Stereocaulon, 
not known elsewhere in Iowa, doubtless originated in the society 
through fragments of thalli brought to the spot on raifroad cars, and 
very probably on ties or telegraph poles. It is not so common a 
member of the society as a number of the similarly constructed 
Cladonias, and is usually found on the more solid rocks, the more 
disintegrated spots having been previously occupied by other lichens 
or mosses, and the rocks on which it occurs not having had time to 
disintegrate conspicuously since its advent into the society. The 
fact that the Stereocaulon (fig. 4) is almost uniformly sterile may 
indicate either that it has only recently gained access to the society, 
or that it is poorly adapted to the climatic conditions of the region. 
Also the position of this species on the northward exposure is worthy 
of note. The Ramalina, the Physcia, and the first Parmelia doubtless 
came as fragments from trees from one to several miles away, unless 
these rare members of the society may be thought to have come from 
fragments blown from the trees some 150™ away, since the trees 
became large enough to bear these species 

Before leaving this subject it must be pointed out that it is by no 
means a matter of chance what species will reach such an isolated 
lichen society and survive. But the matter is determined in such an 
instance largely by adaptability and early access before the sub 
stratum is occupied. As has been noted elsewhere, in instances 


where rock-lichen societies are adjacent to tree-lichen socicties, the 


lichens of the trees, though scarcely so well adapted to the rocks, 
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because of proximity, get possession often of considerable portions 
of the rocky substratum. Excepting the Stereocaulon, there seems 
to have been in the present instance a pretty nearly equal struggle 
for place in the society, those lichens that are best adapted to the 
ecologic conditions gaining the ascendency, and entirely or nearly 
completely crowding out those less well adapted. That gaining pos- 
session is by no means a matter of pure chance will appear in the 
discussion next below of an adjac ent society of a southward exposed 


riprap. 





Fic. 4.—Stereocaulon paschale on a riprap block on the upper surface and toward 
the base of one of the extensions. 

The Amphiloma-like thallus has been purposely omitted from 
these considerations of origin of the floral elements of the society, 
since no very definite statement can be made till the species is ascer 
tained. 

VII. COMPARISONS WITH OTHER SIMILAR SOCIETIES. 
A. The society oj a neighboring riprap. 

There are a number of ripraps at various places along the south 

side of the railroad bed, and all of these have been examined, as 


well as others on the north side, the one selected for the present study 
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being by far the most extensive and the best one for such an investi- 
gation. For a comparison of the effect of north and south exposures, 
we may select a smaller riprap, consisting of a single extension, and 
lying directly across the track from the one on which occurs the society 
studied above. Indeed, the plants of the single extension on the 
south side of the track might perhaps be considered a portion of the 
society on the north side, but it was thought a separate consideration 
of them would better show the marked difference in character of the 
flora. The single extension is of about the same length and width 
as each one of the four on the north side of the track and makes 
about the same angle. The land to the south of the track is a low 
meadow with conditions distinctly less moist than in the swamp to 
the north. Yet more pronounced is the drying effect of southward 
exposure, and altogether we have distinctly more xerophytic condi 
tions on this single riprap extension on the south side of the track. 
Plainly less shade is to be found on the southward exposed extension, 
and as a result of drier conditions the riprap blocks are much less 
disintegrated than those on the north side. A discussion of the spe 
cies of lichens on the riprap south of the railroad track will demon- 
strate a remarkably nice adjustment between lichen structures and 
ecologic conditions. ‘The species are as fol!ows: 

Acarospora xanthophana (Nyl.) Fink, scarcely infrequent; A. cervina fuscata 
Schrad.) Fink, frequent; A. cervina cinereoalba Fink, frequent; Biatora myriocar- 
poides (Fr.) Tuck., rare; Buellia myriocarpa (DC.) Mudd, frequent; Verrucaria 
fuscella Fr., frequent; Lecanora muralis Ach., infrequent; L. subfusca (L.) 
Ach., rare; Placodium cerinum (Ehrh.) Naeg. & Hepp, scarcely infrequent; 
P. vitellinum (Ehrh.) Naeg. & Hepp, rare; Parmelia conspersa (Ehrh.) Ach., once 
seen in a somewhat protected spot; Cladonia fimbriata coniocraea (FIt.) Wainio, 
once seen in a protected and shaded spot. 

3esides the above, the Amphiloma-like plant is sparingly found 
on this southward-exposed extension, occurring in shaded spots and 
especially toward the base, where it is sometimes in more exposed 
positions. Comparing the lichens of the list above with those of the 
list for the northward-exposed riprap across the track, we find that 
the general structure of the plants in the two societies is very different. 
Biatora myriocar poides, abundant on the north side, is rare on the 
south side; and the Acarosporas, each once seen on the north side, are 


all frequent on the south side. In the more xerophytic conditions of 
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the southward exposure, Buellia myriocarpa has in part replaced 
the Biatora. The better adaptation of the Buellia appears in the 
greater tendency toward disappearance of the thallus and the better 
development of such protective structures as exciple, hypothecium, and 
paraphyses. The Biatora is further replaced by the Acarosporas. 
This is due to two causes. Primarily, the disintegration being 
slower on the drier southward-exposed riprap, the more highly 
developed thalli of the Acarosporas have time for development and 
the production of apothecia on the more permanent rock surfaces, 
and are consequently frequent and often fruited. Secondarily, with 
their well-developed upper cortices the Acarosporas are even more 
able to endure extreme xerophytic conditions than is the Biatora. 
Also Lecanora muralis, once seen on the north side, was noted several 
times on the south side, where thalli with well developed cortices 
are better adapted to the conditions. Response to conditions is 
beautifully shown in that while Cladonias are common enough on 
the moister and more shaded north side, only a single specimen could 
be found on the south side. Also the total absence of the Stereo- 
? caulon from the southward exposure is quite significant, especially 

when we recall that it occurs commonly in quite exposed places a 

few meters away on the north side. Finally, the response of lichéhs 

to conditions of environment, as shown here, is quite remarkable 


and fully justifies the detailed attention to a limited area. 


B. The society oj the sandstone ledges near Boone, Iowa. 


The types of lichen structure found in the societies of other sand 
stone exposures studied in Iowa and Minnesota have been quite 
different. The places studied have been ledges along streams, which 
have for the most part either carried away the loose sand as fast as 
the rocks were disintegrated, or frequently subjected it to inundation, 
which few foliose or fruticose lichens will endure. In such societies, 
almost the only Cladonias found have been those growing on the 
faces of the ledges, while in the present society some of the products 
of erosion have remained to make a soil in which these lichens could 
grow. The study of a ledge along a stream was recently carried out 
more completely at the “Ledges” (fig. 5) in Boone county, Jowa, 


than the writer has done elsewhere; and while the study of the col- 
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lection made at the ‘ Ledges” is not yet completed, enough has been 
done so that data for comparison are at hand. The ‘“ Ledges” 
have an extent of about two miles along a tributary of the Des Moines 
river and are fully 15™ high in some places. They are well shaded 
in many places and bear a higher plant flora quite different from that 
about the society especially studied above, and including such 
moisture-lovers as Camplosorus rhizophyllus, Woodsia obtusa, Asa- 
rum canadense, Impatiens aurea, Anemone quinquejolia, Arisaema 
Dracontium, Adicea pumila, Aralia racemosa, Conocephalus conicus, 
and a species of Grimaldia or Preissia; while the conditions at other 
points are more xerophytic and bear a number of ferns, composites, 
and trees or shrubs. The lichen species of the ‘‘ Ledges” are for the 
most part quite widely distributed upon the rocks, so that the whole 
number recorded is about the same as for the riprap. The list is as 
follows: 

Usnea barbata Fr., infrequent; Ramalina calicaris farinacea (L.) Fr., fre 
quent; R. calicaris fastigiata (Pers.) Fr., infrequent; Parmel'a Borreri Turn., 
common; P. crinita Ach., frequent; P. caperata (L.) Ach., infrequent; Physcia 
pulverulenta (Schreb.) Nyl., infrequent; P. speciosa (Wulf.) Nyl., rare; Peltigera 
canina (L.) Hoffm., frequent; P. canina spuria (Ach.) Tuck., rare; Senechoblastus 
(Collema) nigrescens (Ach.) Stizenb., rare; Collema pulposum (Bernh.) Ach., 
rére; Leptogium chloromelum (Sw.) Nyl., infrequent; Pannaria nigra (Huds.) 
Nyl., common; Amphiloma (Pannaria) lanuginosum (Ach.) Nyl., abundant; 
Acarospora (Lecanora) fuscata oligocarpa Nyl., rare and new to Iowa; Lecanora 
muralis (Schreb.) Schaer., rare; Placodium aurantiacum (Lightf.) Naeg. & 
Hepp, frequent; P. cerinum (EKhrh.) Naeg. & Hepp, infrequent; P. vitellinum 
(Ehrh.) Naeg. & Hepp, frequent; P. citrinum (Hoffm.) Leight., rare; Pertusaria 
velata (Turn.) Nyl., rare; Urceolaria scruposa Ach., rare; Cladonia*mitrula Tuck., 
common; C. caespiticia (Pers.) Flk., rare; C. pyxidata chlorophaea (Spreng.) 
Flk., frequent; Bilimbia (Biatora) trachona (Flt.) Fink, rare; Buellia spuria 
(Ach.) Arn., rare; Dermatocarpon (Endocarpon) pusillum Hedw., common; 
Verrucaria muralis Ach., common; V. nigrescens Pers., frequent; V. viridula 
Ach., rare and new to Iowa; V. fuscella Fr., rare. 


A comparison of the list above with that for the riprap shows little 
resemblance. The most striking difference is the occurrence of the 
shade- and moisture-loving lichens in the society at the ‘‘ Ledges,” 
which are absent from the riprap society. These shade-loving 


lichens are the Collemas, the Leptogium, the Pannaria, and the 


Amphiloma. The next most conspicuous difference is that on the 
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solid and less rapidly disintegrating surfaces at the ‘* Ledges,” the 
somewhat better developed crustose thalli as the Lecanoras, the 
Placodiums, the Pertusaria, the Urceolaria, and the Buellia, have to 
some extent replaced the less differentiated thalli such as the first 
two of the list for the riprap. Because the disintegrating sand 


stone of the ‘“* Ledges”’ falls to the ground and is covered with water 





Fic. 5.—Portions of the ‘* Ledges”? on both sides of the stream, showing genera 


features and spermatophytic flora 


and partly carried away in high water, the Cladonias appear only 
on the sandstone of the ledge faces and are comparatively rare. 
The more frequent occurrence of the foliose Parmelias and Physcias 
and the fruticose Ramalinas at the ‘* Ledges” is due partly to the 
more shaded and moist conditions, and in part to the presence of 
surrounding trees, from which they may easily wander to the rocks. 
The above comparison of the two societies is the more interesting 
when it is stated that both are growing upon the ferruginous sand 


stone of the same geological horizon, and that the differences noted 
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are not due in any degree to difference in rock composition, but 
entirely to other ecologic factors. 


C. Some other similar societies. 

The lichen societies of various other sandstones differ somewhat 
from either of the two considered above. Of those hitherto considered, 
only a single one, that of the Sioux quartzite at Pipestone, Minnesota, 
is isolated in such a way as to show no tension lines or admixture of 
elements that so frequently intrude themselves from other adjacent 
lichen societies. The lichens that have established themselves here 
are a number of Acarosporas, Placodiums, Lecanoras, Rinodinas, 
and Buellias. These lichens in general have strictly crustose thalli, 
well developed and variously chinky, verrucose, and areolate, and 
some of them at least a well developed upper cortex. With these, 
two foliose but closely adnate Parmelias and two similar Physcias 
occur here and there in the society, but do not form a conspicuous 
portion of it. Much of the beautiful wind polishing of the quartzite 
was surely done at latest before the Wisconsin stage of the Pleistocene, 
or shortly after the retreat of the Wisconsin ice, and the writer finds 
the lichens growing on the smoothly polished surfaces, which are as 
much polished below the lichens as elsewhere. Thus there has been 
no visible change in the surface of the quartzite since the advent of 
the present lichen society, and these lichens with well developed 
thalli have had an abundance of time in which to become established 
upon the hard surfaces. There is no doubt but that these species 
may reach an advanced age upon the quartzite, becoming much older 
than is possible upon the more rapidly eroding ferruginous sandstone 
of the riprap, and the finding of all the species in good fruit upon the 
quartzite is quite conclusive evidence of considerable age. No doubt 
many of these lichens of the quartzite were growing when the riprap 
was built. Yet we find mainly the same species upon the southward 
exposed riprap extension, and this shows that such thalli may become 
established upon the softer sandstone in a comparatively short 
time. 


2 Fink, B. Contributions to a knowledge of the lichens of Minnesota. V. 
Lichens of the Minnesota valley and southwestern Minnesota. Minn. Bot. Studies 


2:284. 1899. 
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Neither upon the softer sandstone nor upon the harder quartzite 
has the writer been able to observe any certain evidence of the pro 
tection which the lichens have afforded the rocks against wind or 
other atmospheric agencies, though other observers find such evidence 
elsewhere on rocks of the same kind.’ But whether the acidic action 
of the lichen thalli upon the rocks, or the climatic, erosion-producing 
agencies acting upon the surrounding rocks causes the more rapid 
disintegration, in the end the two factors together act on the softer 
ferruginous sandstone with comparative rapidity; and as compared 
with the lichen population of the quartzite, that of the sandstone is 
quite transient, lichen thalli or portions of thalli disappearing and 
becoming replaced, except upon the southward exposed extension, 
more rapidly than the better developed thalli can become established 
and produce fruit. So it happens that when lichens having the 
better developed thalli are found, as they rarely are, in the society 
especially considered in this paper, they are likely to be sterile; while 
those with less differentiated and apparently more rapidly develop 
ing thalli are the ones that are common and well fruited. The fruti 
COSE Spec ics, as the Cladonias and the Stereocaulon, are rather rarely 
established upon the firmer and more exposed rocks. In their more 
or less shaded and moist habitat in the holes in the riprap, or in pro 
tected places about the basal blocks, these fruticose species are able 
to maintain themselves in spite of disintegration, the wind not blow 
ing them away as is the fate of the smaller thalli on the more exposed 
surfaces, as soon as these thalli and the atmospheric agencies together 
disintegrate the rocks sufficiently. Finally, any of the fruticose forms 
that attempt to gain a foothold on the more exposed surfaces are 
probably even more likely to be blown away as disintegration pro 
ceeds than are the crustose forms, though the rhizoids of the former 
penetrate the rocks to greater depth than do the hyphal rhizoids of 
the latter. 

The lichen societies of the Saint Peter sandstone along the Mis 
sissippi River at Minneapolis and south of McGregor, lowa, have 
been considered in a previous papers, and are quite different from the 
one discussed chiefly in this paper; and the same may be said of the 

3 SHIMeK, B, Living plants as geologic factors. Proc. Iowa Acad. Sci. 10 : 42. 1902. 


+ Fink, B., Notes concerning Iowa lichens. Proc. lowa Acad. Sci. 5 : 180. 1897 
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society of the similar Jordan sandstone near Mankato, Minnesota.$ 
However, these last three societies were not so exhaustively studied 
as the first three considered, and a further examination would bring 
to light some of the less conspicuous members of the societies and 
decrease the apparent differences. 


VIII. CONCLUSION. 

The facts stated show clearly some very evident adaptations in 
lichen thalli, and as disintegration is going on with comparative 
rapidity at the spot where the society is found, the data herein estab 
lished will be found useful in future studies. Finally, it may appear 
that undue attention has been given to a society covering a limited 
amount of surface. However, as the writer has stated elsewhere,° 
it is impossible to deal with the details of the ecologic distribution 
of lichens over a large area, and he has purposely chosen to restrict 
himself, as in this instance, so that certain minute details might 
receive attention. 

Thanks are due Dr. L. H. Pammel for a photograph of the 


“Ledges.” 
IowA COLLEGE, GRINELL, IOWA. 


5 Fink, B., Contributions to a knowledge of the lichens of Minnesota: V. Lichens 


of the Minnesota valley and southwestern Minnesota. Minn. Bot. Studies 2: zor. 


6 Fink, B., Ecologic distribution an incentive to the study of lichens. The Bryolo 


gist 5:40. 1902. 


























TRANSPIRATION OF SUN LEAVES AND SHADE LEAVES 
OF OLEA EUROPAEA AND OTHER BROAD-LEAVED 
EVERGREENS. 

JosEpHu Y. B 


RGEN. 
(WITH ELEVEN FIGURES) 

THE structural differences between sun leaves and shade leaves 
of several species have been described in a classical memoir by E. 
STAHL." FR. JonHow has given an excellent summary of the adapta- 
tions of foliage leaves with reference to transpiration.?- LEON DuFouR 
has investigated many of the differences in the vegetative and the 
reproductive organs of phanerogams due to differences in the amount 
of light supplied to them. 

The writer has not at present access to any tolerably complete 
collection of botanical periodicals, but neither in ALFRED BURGER 
STEIN’S bibliography* nor in such journals as were accessible has he 
been able to find mention of any paper which discusses experimentally 
the subject of transpiration in leaves oj the same individual, some 
developed in the sun and others in the shade. It would seem that the 
study of the relative activity of sun leaves and shade leaves must 
give results of value. For such an investigation no leaves can be more 
suitable than those of such evergreens as the Mediterranean species 
of what Schimper calls the //artlaubjlora, Olea, Quercus Ilex, Myrtus, 
and their congeners. For it is evident that leaves which are active 
during a period of from one to several years, and which during all of 
that period are respectively exposed to illuminations varying from 
2 per cent. to 100 per cent. of the total amount afforded by the sun, 
may be expected to show far more notable differences in structure 

t influss des sonnigen oder schattigen Standortes auf die Ausbildung der Laub 
blitter. Jena. Zeits. Naturwiss. 16:162. 1882 

2 Ueber die Bezichungen einiger Eigenschaften der Laubblatter zu den Standorts- 
verhiltsnissen. Jahrb. Wiss. Bot. 15:—. 1884. 

3 Influence de la lumiére sur la forme et la structure des feuilles. Ann. Sci. Nat 
Bot. VII. §:311-412. 1887. 

4 Materialien zu einer Monographie der Transpiration der Pflanzen. Verhandl. 


Zool.-Bot. Gesells. Wien. 1887 and 1899. 
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and function, due to unequal illumination, than those leaves which 
flourish only for four or five months of the year. Broad-leaved ever- 
greens, too, cast a denser shade than is afforded by ordinary conifers, 
and the leaves of the former therefore grow under more sharply con- 
trasting conditions than do those of the latter. 

The lack of suitable laboratory facilities has made it impossible 
for the writer to investigate the relative amounts of photosynthesis 
accomplished by the leaves of the species studied. It has been possi- 
ble, however, to determine with a fair degree of accuracy the relative 
amount of transpiration done by the sun leaves and the shade leaves 
of several species. 

The trees and shrubs mostly studied were: Olea europaea saliva, 
Pistacia Lentiscus, Quercus Ilex, and Rhamnus Alaternus. ‘The obser- 
vations, unless otherwise stated, were made upon leaves from thirteen 
to fifteen months old. Where sun leaves and shade leaves were 
compared these were from different parts of the same shrub or tree, 
those which received only part of the total illumination being shaded 
wholly by their own foliage. 


I. COMPARISONS OF COLOR, SIZE, SHAPE, AND STRUCTURE OF SUN 
LEAVES AND SHADE LEAVES. 

Out of ten trees and shrubs examined with reference to the effect 
of illumination on the color of the upper surface of the leaf, only one, 
Quercus Ilex, showed sun leaves always darker than the shade leaves. 
In this species the sun leaves when fully matured were always found 
to be of a very dark green, while shade leaves (1 to 2 per cent. illumi- 
nation) were of a grass-green color. 

Buxus sempervirens showed no perceptible difference in color due 
to difference in illumination. 

Eight species (Arbutus Andrachne, A. Unedo, Citrus Aurantium, 
Myrius communis tarentina, Nerium Oleander, Olea europaea, Pis- 
tacia Lentiscus, Rhamnus Alaternus) showed a much darker tint of 
green in the shade leaves than in the sun leaves, though sometimes the 
shade leaves of Pistacia are lighter green. ‘The shade leaves in the 
individuals studied received amounts varying from 1 to 10 per cent. 
of the total illumination. 


In comparing the relative areas of sun leaves and shade leaves, 
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the author arrives at a result opposite to that which DurouR’ obtained 
from the study of many herbaceous species, but agreeing with the 
results of Jonow.°® 

One species, Nerium Oleander, has leaves extraordinarily variable 
in size, the smallest being bractlike and only 0.027 the area of the 
largest ones. It did not seem possible to make satisfactory estimates 
of the relative areas of the sun leaves and shade leaves of this 
species. 

All other species examined had shade leaves larger than their 
sun leaves. Exact measurements were made for only four species 
of these, as follows: 


Ratio of area 


Sun-+shade 
Citrus Aurantium 0.75 
Olea europaea 0.56 
(Juercus Ilex (large tree) 0.44 
(). Hex (small bushy sapling) 0.20 
Rhamnus Alaternus 0.68 


The comparisons were based on fairly typical twigs of the same 
age, and all the leaves of each twig, or an equal number of homolo 
gously situated leaves from each, were examined. 

The shapes of the two classes of leaves in question were often 
found to differ widely. The ratio of length to breadth for the blades 
of the leaves was examined in ten species. In the pinnately compound 
leaves of Pistacia Lentiscus there was little difference in the ratios of 
sun leaves and shade leaves, whether leaf was compared with leaf or 
leaflet with leaflet. The other nine species gave the following results: 


Ratio length-breadth 


Sun Shade 

(1) Arbutus Andrachne 2.70 2.48 
(2) A. Unedo 3.16 5 
(3) Buxus sempervirens 1.97 1.89 
(4) Citrus Aurantium 2.04 ¥:37 
(5) Myrtus communis tarentina 2.21 2.14 
(6) Nerium Oleander 5.90 5.34 
(7) Olea europaea 4.05 2.64 
(8) (Quercus Ilex (large tree) A 2.69 1.60 
(). Ilex (small bushy sapling) B 2.04 7 

(9) Rhamnus Alaternus - 1.75 2.05 


S Loc. cit., D. 3&1. © Loc. cit., p. 304. 
B, | | 3 } 
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It was not possible in every case to obtain the per cent. of total 
illumination for the shade leaves examined. Those noted were as 
follows: (4) 2.8, (6) 2.2, (7) 4.6, (8)A 1.8, (8)B 1.1, (9) 4.6. 

It is obvious from inspection of the results obtained that the sun 
leaves are usually narrower than the shade leaves in proportion to 

their length. This is especially 
true of the leaves of Citrus, 


Olea, and Quercus; and the 
Olea and Quercus are cer- 
tainly among the most xero 
phytic of the nine species in 


Fic. 1.—Leaves of Olea europaea: A, the list above given. Figs. “— 
sun leaf of very xerophytic form; B, sun a sufficiently illustrate the differ 


C, shade leaf from another tree; D, sun leaf; ence in form of the leaves in 
Fk, shade leaf from another tree which is in is 
constant partial shade. Xo.4. question. 

Another difference between 
the sun leaves and the shade leaves of many species consists in the 
manner in which the margins of the former are recurved. In many 
instances the under leaf surface of sun leaves is strongly concave, 
while that of shade leaves is nearly plane. This is well shown in 
the cross sections of jig. 6. 


In the case of Olea the sun 


leaves and shade leaves differ is 
remarkably in the manner in 
which they present their sur- 
faces to the light. The latter ‘ 
are arranged in a somewhat ‘ 
horizontal manner, that is with 
s c a 


the lower surface approxi- e 


mately parallel to the ground. Fic. 2.—Leaves of Quercus Ilex: A, sun 
3ut the former in many _feaf, very small xerophytic form; B, shade 
: . bi leaf, same tree; C, sun leaf; D, shade leaf 
instances stand with the tips ** “me = , 

; . : from another tree. X0o.4. 
pointing almost straight 
upward or downward. In other words, the shade leaves are approxi 
mately euphotometric and the sun leaves panphotometric. It does 


not appear that the edges of the leaves are presented in a north 


and south direction more frequently than toward other points of the 
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compass. It is this approximately vertical position of many leaves, 
with the silvery under surfaces facing in all directions, that gives the 
shimmering effect of olive foliage so often described. Figs. 7 and 8 
illustrate extreme cases of leaves standing vertically as above described.? 
The thickness of sun leaves was in every case found to be greater 
than that of shade leaves, as 


"4 

\ described by STAHL and others. 

a: Pe yV/ In leaves of Quercus the ratio in 

V ) YO thickness of the former to the 

— - inns = latter was nearly 2.0; in Olea 

‘io 3 ee N] from 1.5 to 2.3; and in Pistacia 
ie \7 > SI c from 1.8 to 3.7. 

o IS ~ In those spec ies which are 


| me 7] pubescent or scaly on the lower 

. surface the pubescence is much 
denser on sun leaves. It is gen 
erally difficult to reduce the com 
parison in this regard to a numerical basis, but an approximation of 
the kind can be made in the case of the leaves of Olea. The lower 
surfac Cc of the leaf is alway S more or ke SS ( ompletely covered W ith pel 
tate scales. On sun leaves the lower surface is so thie kly scale-clad 
that the scales overlap considerably. 


\pparently on sun f 


; ~ ( i 
leaves, the numberof scales vA \ J} 
is suflicient to cover the \ \ ei 


P ‘ \ \ / Ee NV _ 
under leaf-surface at least “Me OF a oe 


: 0 ae SNE 
twice over. Onsome shade = \ a) A ‘ ma 
i i 
leaves the scales were \| Sees = all 
found by measurements \\ 7 } ; 


with the eveplect micro ; : 
: Fic. 4.—Leaves of Pistacia Lentiscus 

mete! Lo covel just one tree): 1, sun leaf; b, shade leaf. 5 } 
quarter of the under sur 
face, so that the scales were about one-eighth as numerous as on sun 
leaves. 

The stomata were found to be somewhat more numerous on sun 
leaves than on shade leaves; an average of two determinations gave 
15 per cent. excess for the former. 


r} 


For these drawings the writer is indebted to Mrs. Herbert S. Jennings 
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In none of the species studied were any such extreme differences 
between the internal structure of sun leaves and shade leaves noted 
as have been described by Staut and others. Since the thickness 
and texture of the leaves of Pistacia differed more under different 
amounts of illumination than did those of any other species examined, 

special attention was paid to the 
histology of these leaves. The fol 
lowing points of difference, many 
of which can be verified by refer- 


ence to figs. g-I1,> were made 


, 
6 
out: (1) cutinized layer of upper 
epidermis much more developed 
in sun leaves; (2) palisade layer 
double in sun leaves and single in 
shade leaves, the cells next the 
epidermis longer in the former; 
(3) intercellular spaces smaller in 
upper portions of mesophyll of 
; d sun leaves; (4) bundles much more 


; highly developed in sun leaves; 
Fic. 5.— Leaves of Rhamnus ati : ; 
Alaternus and Citrus Aurantium:, A, 5) 2 palisade layer occasionally 
sun leaf, and B, shade leaf of Rham- 
nus; C,sun leaf, and D, shade leaf of 
Citrus. Xo.4. in sun leaves. 


developed next the lower epidermis 


Il. RELATIVE AMOUNT OF TRANSPIRATION OF SUN LEAVES AND 
SHADE LEAVES. 

The three most obvious cases which present themselves for investi 
gation are: (@) transpiration of both kinds of leaves, cach in its 
natural environment; (0) transpiration of both kinds in full sunlight; 
(c) transpiration of both kinds in shade. 

No mode of determining the losses by transpiration of such leaves 
as those in question is free from sources of error. The plan of weigh- 
ing detached leaves, with the cut end of the petiole sealed to prevent 


accidental loss, is an admirable one for succulent leaves. But for 


leaves with a less amount of stored water it is undesirable, because 


8 For these drawings the author is indebted to Dr. Grace FE. Cooley, of Wellesley 


College. * 
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the transpiration of the sun leaf and the shade leaf would be measured 
for unequal and rapidly diminishing amounts of contained water. 
Weighing whole plants growing in sealed pots is out of the question 
for large shrubs or trees, since seedlings which were small enough 


to be handled would fail to shade their own leaves and would not 


a b ( d 


Fic. 6. Transverse sections of leaves: A, sun leaf, and B, shade leaf of ¢ lea; G. 
sun leaf, D, shade leaf of Quercus Ilex. Natural size. 
furnish leaves of typical adult form, size, and structure. Weighing 
leafy twigs with the cut ends immersed in water is not likely to afford 
the same absolute amounts of loss by transpiration as would be given 


by the same twigs supplied with water by the normal root pressure 





\ \ 
\ 
\ 
7 ¥ r 
NX oe 
Ye =4 Fic. 7.—Sun leaves of Olea: the branch 
— hy makes an angle of about 60° with the verti- 
f/ cal, most of the leave pointing somewhat 
&/ xa , ae ; ne 
, vertically upward; in many other instances 
A one leaf of each pair was found to point 
Pf < upward and the other downward. 
of the plant. But the leaves are in a normal atmosphere, and their 
relative losses (as compared with each other) may be very nearly the 
+» 


same as under absolutely natural conditions. 
The plan adopted in the experiments here recorded was to immerse 


the freshly cut ends of the leafy twigs studied in water contained in 
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small test tubes. Each stem was carefully sealed into its tube, but 
a capillary glass tube alongside the stem permitted air to enter to 
take the place of absorbed water. To show how much of the total 
loss was due to the cortex, control experiments were made with twigs 
deprived of their leaves. As it was found that the losses through the 

cortex sometimes amounted to 15 per 
\ 4 cent. of those through the leaves, the 
/ plan of covering the entire cortical sur- 


face with cacao wax (a mixture of half 


_— beeswax and half cacao butter) was 
\ finally adopted. Weighings were made 

\ on a balance sensitive to less than 5™ 
_ ~f and the period in most cases allowed for 


transpiration (two to four hours) usually 
secured a loss of weight of more than 
200™ for the least active set of leaves 
employed. Only sunny days were 
chosen for the observations, which were 
all made out of doors. The thermome 
ter ranged, during the season of the 
| 


experiments and the hours of the day 


occupied by them, from 18 to 30° 


5 


(usually from 20° to 25°). Most of 
the work was done between 12:00 and 
5:00 P. M., and the per cent. of rela 


tive humidity at 3:00 P. M. was usually 





under 55. The determination of the 


q per cent. of total illumination under 
Fic. 8.—Sun leaves of Olea: which shade leaves have been developed 

the branch stands nearly vertical ; : . g > 
: : : . seems to me an important part of any 
and the leaves in general point P ‘ : : : 
award. set of observations on the form, struct 


ure, or functional activity of such leaves, 
and many photometric observations were made on the leaves here 
discussed. Unless otherwise indicated, the per cents. given are for 
the illumination at or near midday, at the season stated. In general 
the shade leaves studied had grown in about the following amounts 


of illumination: Quercus, 1.5-5 per cent.; Olea, 4-6 per cent. ; 
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Pistacia, 1-4 per cent.; Rhamnus, 4-6 per cent. The results of the 


determinations of comparative transpiration are as follows: 





Loss oF Sun LEAv 
RATIOS 
Loss or SHADE LEAv: 
Olea Pistacia Q. Hex Rhamnu 
T. Su es in sun and shade leaves in 
shade 

Maximum 3.04 Bad 10.7 7 

Minimur , ; 1.45 : 1.85 2 

Average of all values obtained . ron 7 18) 5 I 
II. Both kinds of leaves in jull sunlight. 

Maximun ; ; +255 } ) 1.42 

Minimum : “ay ; 1.17 I g6 52 

Average of all values obtained , 1.47 1.7 } yo 
III. Both kinds oj leaves in the shade. 

M Nil m Q7 cS 7 2 I 

Minimum m SI 63 i) 7 

Average of all values obtained ( 1.57 1.80 1.50 


Summing up the results of the experiments on comparative trans 


piration (taking into account some aberrant values not included in 


Le Ll. 


the table above given), the following conclusions may be stated: 

1. Under the conditions normal for each class (1), sun leaves 
transpire from three to ten times as much as the shade leaves of the 
same SPCce ics. 

2. With both classes of leaves under abnormally equal conditions 
I] and III) the sun leaves of the species studied usually transpire 
more than one and one-half times as much as the shade leaves.° 

3. Averaging the averages of I] and II], it appears that the 
inequality of transpiration of sun leaves and shade leaves is about 
as manifest in sunshine as in the shade. 

}. The thinnest and most poorly nourished shade leaves con 


trast much more sharply with sun leaves in their behavior than do 
other more normal leaves which have developed in the shade. This 
is the principal cause for the difference between maximum and 
minimum results, particularly noticeable in the transpiration of 


QO. Ilex. 


9 This result is quite at variance with what would probably be the a pri 


f botanists generally, and directly contravenes the statement of WIESNER ( Biole 
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5. Shade leaves exposed for some hours to full sunshine may, 
without showing any signs of wilting, become almost unable to trans- 
pire. For example, a Q. Ilex shade leaf that during two hours in 






; : . ae: ” 
sunlight transpired almost one-fourth as much as a sun leaf from the 
— SESS Oe ee * ey, 
a b 
Fic. 9.—Upper epidermis of Pistacia: A, sun leaf; B, shade leaf. X 230. 
same tree, was afterward in the shade found to transpire about one- 
sixtieth as much as the sun leaf in the shade. 
The fact that shade leaves transpire less than sun leaves, under 
similar conditions, may at first sight appear singular. But a little 
consideration will suffice to show that leaves of the former class are 
structurally unable to perform as much of any kind of work as are 
Se aa een 
, a aw Ve : =) 
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Fic. 1o.—Upper epidermis and mesophyll of Pistacia: A, sun leaf; B, shade leaf. 
X 125. 
the more vigorous sun leaves. The latter, by reason of the much 
- . . | 
stouter stems from which they spring, and the greater development 
of the bundles in the leaves themselves, are able to transfer in a | 
peripheral direction larger quantities of water per unit of area per [ 


unit of time than shade leaves can. Also sun leaves, with a thick- 
ness two to four times that of shade leaves, usually contain much 
more interior evaporating surface than shade leaves of equal area. 
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These considerations, however, do not explain all of the observed 
inequalities of transpiration. Portions of leaves of Agave americana 
freshly cut and with the cut surfaces hermetically sealed with wax, so 
as to permit no loss of water except through uninjured epidermis, were 
found to give ratios ranging from 1.5 to 4 for loss of sun leaves com- 
pared with that of shade leaves, when both were exposed to full 
sunlight. Here the transportation of water is an unimportant factor, 
and the amount of tissue inside the leaf from which the transpired 


water is drawn was nearly the same in both cases. The Agave 


shade leaves had grown in a permanent shade of about 2 per cent. 


illumination. 





It may be of interest to append a statement of the absolute rate 
of transpiration of the four trees and shrubs discussed in the table 
above given. The measurements were made with sun leaves a year 
old, at a temperature of 21° C. and a relative humidity of 67 per cent. 
The leaves were in moderately bright sunlight. 


TRANSPIRATION IN MG. PER 100 LEAF SURFACE PER HOUR.’ 
Olea 302 
Pistacia 231 
(). Hex 238 
Rhamnus 658 


These are apparently large values for the transpiration of some- 
what xerophytic plants. Leaves of U/mus campestris and of Pisum 
sativum were examined at the same time, for purposes of comparison, 
and were found to lose 342 and 353"™* of water per hour, respectively. 
This, however, only serves to emphasize a fact too often Tost sight of, 


1° Only one surface of each leaf (the lower) is taken into account. 
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namely that xerophytic leaj structure is not always incompatible with 
abundant transpiration, but sometimes exists only jor use in emer- 
gencies lo protect the plant from injurious loss oj water. 

In conclusion, the writer can only express his regret that he has 
so far been able to investigate only one phase of the transpiration of 
four out of some sixty coriaceous evergreen species which occur in 
the Mediterranean region. A detailed study of their transpirational 
activity, month by month throughout the year, could not fail to give 
results of much value. 


NAPLES, ITALY. 
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BRIEFER ARTICLES. 


NOTES ON NORTH AMERICAN GRASSES. IV. 
POA FLAVA L. and P. SEROTINA EHRH. 


In the first edition of his Species Plantarum (1:68. 1752), LINNAEUS 
f / 
describes this species as follows: 


/ Poa panic ula diffusa, spiculis ovato oblongis nitidis. Gron. virg. 12 

Gramen pratense majus virginianum. Pet. mus. 239. 

Habitat in Virginia. 

This has been considered by many authors as identical with Poa serolina 
Ehrh. which occurs in Europe and also in the northern part of North 
America. ‘The identity of the two was probably assumed from Muwnro’s 
statement: ‘'7. P. flava, marked Gron. virg. 13, is Poa crocata Michx.; but 
that name should be altered to P. flava.’ (Identification of the grasses in 
Linnaeus’ herbarium, Proc. Linn. Soc. Bot. 6:43.) 

Referring to GRonovivs’ Flora Virginica we find that he cites Clayton 
273. Clayton’s no. 273, then, becomes the type of Poa flava L. Clayton’s 
plants are in the herbarium of the British Museum. Mr. A. B. Renp1ut 
has kindly examined this plant and informs me that it is 7riodia cuprea 
Jacq. KUNTZE states that Poa flava L., P. sesleriotdes Michx., and Triodi 
cuprea Jacq. are identical, and hence proposes the name Sieglingia flava 
O. K. (Rev. Gen. 2:789). He does not state, however, upon what he 
bases his statement. ‘The fact that Linnaeus based the name upon a plant 
collected by Clayton and gave the locality as Virginia should have led 
American botanists to doubt the reference of Poa flava to Poa serotina, 
as the latter plant does not occur in Virginia. 

Poa flava was taken up by several authors after LINNAEUS, as PERSOON, 
WILLDENOW, and Pursn, but apparently without knowing the grass, since 
Poa seslerioides Michx. was also retained. 

There is still a point upon which more light is needed, that is, the 
identity of Poa crocata Michx. Although Munro states that Poa flava L. 
is the same as Poa crocata Michx., [cannot confirm this. I did not observe 
Poa flava in Linnaeus’ herbarium nor Poa crocata in Michaux’s herbarium 
at Paris. From the description and the type locality, near Hudson’s Bay, 
it may well be one of the northern Poas allied to P. serotina, such as P. 
1904] 7 
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glauca Vahl., but can scarcely be Triedia cuprea Jacq., which does not 
occur north of New York. Prrsoon (Syn. Pl.) refers P. crocea [crocata] 
to his P. hydrophila, which is given in Kew Index as a synonym of Leersia 
oryzoides. Nuttall (Gen. Pl.) retains P. crocata, and refers to this P. 
hydrophila Pers. as a doubtful synonym. 

Furthermore as to the validity of P. serotina Ehr. (Beitriige 6:83. 1791). 
This rests upon the mention of the name in Enru#Arv’s list of plants entitled 
“Index Calamarium, Graminum et Tripetaloidearum Linn., quas in usum 
Botanophilorum collegit et exsiccavit.””, Miss Mary A. Day, who has 
kindly verified the reference for me at the Gray Herbarium, states that 
the name is mentioned without description, ‘* Poa serotina, Ehrh. Upsaliae.”’ 
As this is a nomen nudum, the name was not technically published, and the 
next name in chronological order should be taken up. This appears to be 
Poa triflora Gilib. Exerc. Phyt. 2:531. 1792. 

Poa triflora Gilib. has been confused in America with P. nemoralis L., 
but both species occur in the northern portions and extend southward in 
the western mountains. In the northeastern states Poa triflora extends 
southward to Pennsylvania and is quite common northward, while P. 
nemoralis is rare and seems to be introduced. 

P. palustris L. (Syst. ed. 10. 874. 1759) is used by ASCHERSON and 
GRAEBNER (Synops. Mitteleur. Flora 2:416) for P. serotina Ehrh., but 
this name is founded on a plate in Morrtson’s History (p. 201, pl. 6, jig. 
27), which is Phalaris arundinacea, and consequently cannot be used for 
our plant, P. ériflora Gilib. 


DIGITARIA Heist. 

This is generally cited as ‘Heist. ex Adans. Pl. Fam. 2:38. 1763.” 
This is based upon Plukenet, pl. 190, jig. 2, which is Tripsacum dactyloides 
L. (Index 550). Consequently, according to the recent ‘* Code of Botanical 
Nomenclature,” Digitaria Heist. ex Adans. is published (Canon 10, 3), 
and its type is Cotxdactyloides L. Sp. 972. 1753, inasmuch as LINNAEUS 
(J. c.) cites Plukenet, pl. rgo, jig. 2. Tripsacum, based upon Coix dacty 
loides, was established in 1759 (Syst. ed. 10). 

Digitaria as commonly understood was published by Scopo.t (Fl. Carn. 
1772). The type of Digitaria Scop. is D. sanguinale, as this was the first 
species described. Since the name Digitaria had been used earlier for a 
different group, certain botanists thought it advisable to reject this name 
for the group typified by Panicum sanguinale, and take up the next name 
in chronological order, Syntherisma Walt. 


The fact seems to have been overlooked that the name Digitaria was 


used at an earlier date than that of ADANSON’s Familles des Plantes. I 
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noticed the name in the second edition of FABricius Enum. Pl. Hort. 


ITelm. (1763), where it is based upon ‘‘Gramen ischaemon Plinii, Clus. 
H. CCXVIH,” and “Panicum spicis aggregatis, basi interiore nodosi, flos- 
culis, geminis muticis vaginis foliorum punctatis, L. Sp. 8?” Both these 
citations refer to Panicum sanguinale L. This work is at the Missouri 
Botanical Garden. KUNTZE states that although dated 1763 this work 
appeared after that of ADANSON. It would appear that the latter author may 
have adopted the word from FAsrictus nevertheless. If the name appeared 
in the first edition of FABRicrUs and with the same type, then there would be 
no doubt about its antedating ADANsoN. I have not been able to tind 
this work in America, but it is in London, and Mr. Epmunpd BAKER has 
kindly sent me a transcript of what appears concerning Digitaria. It says 
“Digitaria Heist. Dactylis Raj. Gramen dactylon majus panicula longa, 
spicis pluribus nudis crassis. Sloane.” (FABRictus Enum. Pl. Hort. 
Helm. 207. 1759). The same citation from SLOANE appears under Pant 
cum dissecum L. Sp. §7. 1753. Consequently Digitaria is published 
according to the canon of the code above mentioned. 

But Paspalum L. was established in the same year (Syst. ed. 10. 855, 
1759) and is typified by Panicum dissectum L., as this is the first species 
mentioned, although LINNAEUS changes the name to Paspalum dimidiatum. 
There is a curious mix-up here. In the first edition of the Species Plan 
farum LINNAEUS describes as no. 6 Panicum dissectum, which is Pas 
palum dissectum L. Sp. ed. 2, to which he erroneously refers Sloane’s 
pl. 69, fig. 2, and no. 7, Panicum dimidiatum, which is Stenotaphrum 
dimidiatum. In the tenth edition of the Systema he publishes Paspalum, 
but names the first species P. dimidiatum, although he bases it upon his 
Panicum dissectum no. 6. SLOANE’S plant above mentioned he names P. 
virgatum. In the second edition of the Species Plantarum he corrects the 
difficulty and publishes Paspalum dissectum based upon Panicum dissectum 
of the first edition. 

There are still two questions to be answered. Which was published 
first, FABRictus or LINNAEUS’ Systema? Was Digitaria published in some 
earlier work of HEISTER’S ? 

It may be remarked that HALLER uses Digitaria in the same sense as 
Scopot and a few years earlier, basing it upon Panicum sanguinale and 
Cynodon dactylon (Hall. Stirp. Helv. 2: 244. 1768). 

The difficulties mentioned emphasize the evil consequences which may 
arise from changing well known names without sufficient investigation. 
A. S. Hircenucock, U.S. Dept. Agriculture, Washington, D.C 
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OOGENESIS AND FERTILIZATION IN ALBUGO IPOMOEAE- 
PAN DURANAE. 
(WITH TWO FIGURES) 

Albugo Ipomoeae-panduranae (Schw.) Swingle occurs upon various 
species of Ipomoea, among others the sweet potato, upon which it inflicts, 
however, but slight damage. Its most common host is probably /. pan 
durata, in which it induces great hypertrophy of leaves, stems, and 
flowers. The distortions are so marked as to attract the attention of 
even the casual observer. It is within these hypertrophied parts that the 
sexual organs and sexual spores are found in such abundance as to render 
this species the most favorable of all in the genus for the study of oogenesis 
and fertilization. 

The material is killed in admirable condition if cut in pieces a few milli 
meters square (the outer part being first shaved off to avoid endangering 
the knife by adhering sand) and dropped in chrom-acetic acid of the strength 
recommended for other species of Albugo.!| The stain chiefly employed 
is the triple stain of Flemming. 

Inasmuch as several other species of Albugo have been described with 
considerable care, I will detail here only the more salient features, and those 
which present divergence from the usual types. The early history of oogen 
esis runs parallel with that of all other species of Albugo investigated; 
namely, the mycelium enlarges to form the oogonium, the nuclei enter, 
enlarge greatly, and pass to the spirem condition. This stage presents so 
little divergence from the same stage in other species that it is adequately 
represented by jig. 45 drawn from A. Bliti.2, Following the stage just 
described comes zonation or the differentiation of ooplasm from periplasm. 
In various species of Albugo zonation occurs in various ways. In Al. 
Bliti the protoplasm condenses in masses which then run together to form 
the ooplasm.3 In A. [pomoeae-panduranae zonation partakes more of the 
character exhibited in A. candida and A. Trago pogonis, in which the proto 
plasm may be said to fall away from the oogonial wall, leaving behind 
only a few strands, sufficient to suspend the oosphere in the center. This 
type of zonation is sufficiently illustrated by jig. 27 drawn from A. Trago- 


pogonis - 


STEVENS, F. L., The compound oosphere of Albugo Bliti. Bor. Gaz. 28: 149 

170, 5-245. pls. 11-15. 18099. (p. 233). 
2 STEVENS, F. L., loc. cit., pl. 12. 3 STEVENS, F. L.., loc. cit., pl. 13, figs. 60-65. 
STEVENS, F. L., Gametogenesis and fertilization in Albugo. Bor. G:A7. 32:77 


98, 137-169, 238-261. pls. I-4. 1901. (pl. 3). 
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With the inception of zonation comes the advance from the spirem to 
the later stages of mitotic division in all the nuclei of the oogonium. Many 
of the nuclei in process of division are floated to the periplasm, others com 
plete the division within the ooplasm and there leave both daughter nuclei 
within the egg. The completion of this mitosis results in conditions very 
like those in A. Tragopogonis.s Many of the nuclei are in the periplasm, 
some are in the ooplasm. The chief difference lies in the coenocentrum, 
to be discussed later. 

The daughter nuclei of the first division, which remain within the 
ooplasm, proceed to a second mitosis as in 1. Tragopogonis and A. candida, 
though the number of oospheric nuclei is constantly diminishing, owing 
to their outward movement. All of them, except one or two contiguous 
to the coenocentrum, reach the periplasm before or immediately after 
mitosis is completed. One or two nuclei in mitosis are seen attached to 
the coenocentrum during the second division. The completion of the 
mitosis, however, finds only one daughter nucleus remaining thus to fun 
tion as the female pronucleus. Conclusive evidence was not obtained, 
but it is probable that some nuclei suffer degeneration within the ooplasm, 
as is the rule in ut. Tragopogonis. 

The coenocentrum is first to be seen as a homogeneous elobule, much 
like the central globule of A. Bliti, though considerably larger, being nearly 
as large as the nuclei at the completion of the first mitosis. There is no 
striking differentiation of the protoplasm surrounding the globule at this 
time. The globule, which does not change materially in size in later 
periods, is larger than that of .1. Blit7 and much smaller than that of .1. 
candida, and it shows much less structural differentiation than is exhibited 
by the globule in the latter species. When the second mitosis approaches 
metaphase the globule is surrounded by zones of protoplasm of varying 
density. In character these resemble the structure shown in jigs. 69 and 
71 drawn from A. Bliti,° though the development attains a higher degree 
in 1. J pomoeae-panduranae. 

The attractive power of the coenocentrum for nuclei is evidenced by the 
attachment of one or more nuclei to it before and during the second mitosis 
(jigs. I, 2), a phenomenon precisely like that already described for 1 
Trago pogonis and A. candida. After the completion of the second division 
the coenocentrum degenerates. 

The antheridial tube, shorter in this than in most species of Albugo, 


opens at about the time of the completion of the second division, emptying 
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one male nucleus into the ooplasm. This nucleus joins the female, and 
each enlarges much before pronuclear union, which is completed in the 
ruins of the decadent coenocentrum. 

Simultaneous with the opening of the antheridial tube begins the con- 
struction of the oospore walls. These are completed much as in other 
species of Albugo, with the exception that there is a slight though very per- 
ceptible thickening of the oogonial wall itself. Such thickening is one of 
the chief features in the spore of Sclerospora, but is not known to occur in 


any other species of Albugo. 





FIG. 1. Fic... 2; 


Fic. 1.—Central globule and coenocentrum of A. [pomoeae-panduranae during 
second mitosis; one nucleus attached. 


Fic. 2.---Similar to fig. T; nuclei not yet attached to the coenocentrum. 


Subsequent to fertilization, which does not proceed with that extreme 
slowness noted in some species, the fusion nucleus divides mitotically, 
increasing the number of nuclei before the assumption of the resting stage. 

A minor point, worthy of mention as an indication of chemical compo 
sition, is a feature of the staining, conspicuous in this species but not known 
in any other Albugo. All of that portion of the fertilizing tube which 
touches the periplasm, and often the whole antheridium as well, takes 
the gentian-violet with great avidity and retains it longer than do any other 


structures. Antheridia and antheridial tubes are thus rendered remark 


ably conspicuous, and dozens are often seen in a single field with the two 
thirds objective —F. L. Stevens, A. and M. College, West Raleigh, N.C. 




















CURRENT LITERATURE. 
BOOK REVIEWS. 
Methods of ecological investigation. 


ONE OF THE most important recent contributions to the literature of ecology 
is a work on the development and structure of vegetation, from the hand of 
Dr. CLemeNts.'. The object of this and a forthcoming volume is to present 
in a systematic and detailed manner the methods of ecological research that 
have been employed by the author for a number of years in the prairies and 
woodlands of Nebraska, and in the mountains of Colorado. The principles 
enunciated here were formulated as working hypotheses in 1898, and have since 
been submitted to rigorous field tests. The present paper deals in particular 
with the biological side of vegetation, while the forthcoming work is to be concerned 
more with the physical aspects. 

The fundamental phenomena of vegetation are regarded as invasion and suc 
cession (dynamic), zonation and alternation (static), and association, the latter 
representing the stage to which vegetation has been brought. A section is devoted 
to each of these topics, and in each case there is given a historical survey of the 
phenomenon, followed by a keen analysis, and a bibliography. One may classify 
associations with relation to stratum, light, water, etc., but of these CLEMENTS 
strongly emphasizes the dominance of the water factor. He inclines not to accept 
SCHIMPER’s edaphic and climatic associations, holding that all but submerged 
associations are both climatic and edaphic. Invasion consists of the movement 
(migration) and establishment (ecesis) of species. In discussing this topic, a 
number of terms are introduced applying to the plant member that migrates, the 
character of the contrivance which facilitates migration, and the agent involved. 
Polygenesis (theory of polytopic origin) is carefully analyzed, and the author fully 
accepts it as a valid theory. Successions are divided into primary (on new soil), 
and secondary (on denuded soil). Some excellent terms are introduced, indicat 
ing the direction of movement in the succession, xerotropic, mesotropic, and hydro 
tropic, and their application is obvious. 

The author gives laws of succession, which will be admitted at once in most 
cases, though it is likely that some may require modification. Zonation has been 
more fully considered by former authors than have the other topics treated here, 
but alternation is a phenomenon that has been discussed and developed only 


slightly except by Dr. Clements. Alternation is defined as the response of vege 


'Ciements, F. E., The development and structure of vegetation. Botanical 
Survey of Nebraska. Studies in the Vegetation of the State, HI. 8vo. pp. 175 


Lincoln. 1go04. 
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tation to the heterogeneity of the earth’s surface, and is in sharp contrast to zona- 
tion as it is related to topographic asymmetry. A very interesting analysis is 
made of competition, which the author holds to be a physical factor in the last 
analysis. 

This book is most difficult to review adequately, because of the great num 
ber of vital topics which are presented. The presentation is so logical and con 
cise that a satisfactory review or summary would be little less than a verbatim 
reproduction of the work. The paper must be digested thoroughly from begin 
ning to end by all who profess to be engaged in ecological research, and it should 
be studied by all botanists, especially those who think that ecology may not hope 
to deal with facts or have the logic or discipline of other lines of biology. 3 a & 
CowWLEs. 

Leaf ecology. 


HANSGIRG, who for a considerable time has been gathering data for such 
a work, has issued a somewhat elaborate volume on phyllobiology.2. The aim 


of the author is to present the topic of the biology of the leaf, much as the biology 
of the flower has been presented in earlier works. Part I is devoted to a general 
consideration of leaf adaptations, especially those adaptations that may be called 
protective. Parts II and III make up the body of the volume, and present the 
biological classes or types of leaves. 

Two general groups are recognized: the water and swamp leaf types of hydro 
phytes and halophytes, and the air leaf types of land plants. The former group 
has six subdivisions: the Vallisneria type adapted to currents, the Myriophyllum 
type adapted to standing water, the Nymphaea type of floating leaves, the Isoctes 
type, the Lysimachia (Naumburgia) type, and the Calla type. More than fifty 
types of air leaves are given, among which the following may be noted, so as to 
illustrate the method of the author: the violet type of shade leaf, the Trientalis 
type (wedge-shaped at base), the Taraxacum type of rosette leaves, the Ipomoea 
type of liana leaves, the Cyclamen type (reddish beneath), the Begonia type of 
velvety leaves, the Ficus type of gutter-pointed (dripping) leaves, the Populus 
type of trembling leaves, the Allium type of tubular leaves, the Phragmites type 
of weather-vane leaves, the conifer type of needle leaves, the Eucalyptus type of 
profile leaves, the grass type of involute leaves, the Gnaphalium type of hairy 
leaves, nyctitropic leaves, the Mesembrianthemum type of thick leaves, the Car 
duus type of spiny leaves, the Drosera type of insectivorous leaves. In each case 
there is a detailed description of the leaf type under consideration, together with 
a discusion of the ecological advantages of the type. The plants which illustrate 
the types are given in considerable detail. 

Part III considers the same material, but the arrangement is by plant 


families and genera. Part IV considers the protective adaptations of 
| 


vounyg 


2 HANsGIRG, A., Phyllobiologie nebst Uebersicht der biologischen Blatttypen von 


ein-und-sechzig Siphonogamenfamilien. Svo. pp. xiv+486. figs. go. Leipzig: Gebrii 
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der Borntraeger. 1903. Mvr2. 
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leaves, and twelve types are recognized and discussed. The concluding chapter 
contains a summary and some concluding remarks 
As might be supposed the author inclines to teleological views, holding that 


plant structures harmonize with their environment and even tend to become 
modified in advantageous ways. The volume will have somewhat the function 


of an encyclopedia, and it is therefore to be regretted 


that there is no index i 
genera. —H. C. Cow Les. 


MINOR NOTICES. 


\ REVISED EDITION of CouLrer’s Plant Structure an elementary text-book 


of plant morphology, has appeared, the first edition having been published in 
1899. ‘There are numerous changes that deal with misstatements, 


lustrations, 


changed points of view, and recent discoveries so far as these have to do with the 
purpose of so elementary a book. Such subjects as mycorhiza, the deve lopment 


of the sporophyte of bryophytes, and the endosperm of angiosperms have been 
rewritten, and the topic of ‘‘double fertilization’’ introduced 
HrELEN EASTMAN? has written a fern book for amateurs, which is intended to 


be ‘tan illustrated field-book that shall be 


concise, in xpensive, and adapted to 
the needs of the beginner.” The photographs for the plates are said to have 
been ‘produced by an entirely original process.” The general purpose of such 


books is to be commended, in so far as they stimulate interest in plants or help 
to make observation somewhat definite. Doubtless the present book will serve its 


purpose well in New England.—J. M. C 


\TKINSON 5 has published an outline of his lectures or 


1 plant ecology as 
delivered 


at Cornell University and they will be of value to all teachers who 
ive ecological courses or who introduce ecologic 
\fter general lectures on the plant organization, plant organs are considered, then 


Several lectures on the various 


al features into general courses 


ecological factors, vege ition types, migration 


formations or societies conclude the series H. C. Cow Les. 


NOTES FOR STUDENTS 


Hircucock,® in a short address on the control of sand dunes in the 
United States and Europe, gives an account of the European methods of dune 





control, and makes suggestions for similar work in this country.—H. C. Cowes 

CouLTER, JOHN M., Plant Structur Second « ) evised 
IX+ 345. fl 289. New York: D. Appleton and Co \ 

+ EASTMAN, HELEN, New England ferns and their « on allic in easy method 
of determining the species. 12mo0. pp. XIx+1 Boston: Houghton, Mifflin & ( 
T 

ATKINSON, G. F., Relation of plants to environment (or plant ecology Out 
ines of course of lectures delivered in the Summer School of Cornell University 1902 
and 1904. pp. 67. Ithaca Publishing Co., Ithaca, N.Y 

Hircucock, A. §., Controlling sand dunes in the United States and lrope 


Nat. Geog. Mag. 1904: 43-47 
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CosTERuUs and SmiTtH? have begun the publication of an account of numer- 
ous “‘monstrosities”’ observed in the Botanical Gardens of Buitenzorg and else- 
where in the tropics. This is in continuation of a paper published in the same 
journal in 1895 (p. 97), and deals with monocotyledons. In a subsequent paper 
dicotyledons and a few cryptogams will be presented.—J. M. C. 

POSTGLACIAL fossils have been too much neglected by American paleobotanists. 
There seems to be no reason why the magnificent results that have been obtained 
by the Scandinavian investigators should not be duplicated here. PrHR OLsson- 
SEFFER * has given an account of the methods of bog study (telmatology )employed 
by Andersson, Sernander, and other Swedish workers.—H. C. Cow Les. 

SHAW? has found that the stamens of Sanguinaria pass the winter in the 
mother-cell stage; that in Sanguinaria, Chelidonium, and Eschscholtzia there is a 
stylar canal; that in all three genera the antipodals are very prominent; and that 
in Sanguinaria and Eschscholtzia the testa is developed from the inner part of 
the outer integument, while in Chelidonium it is developed from both integu 
ments.—J. M. C. 


BoopLe?? has discovered that a reduced secondary xylem occurs in the stems 

both subterranean and aerial) of Psilotum, outside of the solid mass of tracheids 
described by Bertrand and internal to the ring of sieve tubes. In the lower 
region of the aerial stem a few cases of apparent mesarch structure were observed. 
The results strengthen the hypothesis of the affinity of the Psilotaceae with the 
Sphenophyllales.—J. M. C. 

IN A PRESIDENTIAL address before the Linnean Society of New South Wales 
MAIDEN"! devotes attention, among other things, to a botanical survey of the 
country. He suggests a scheme for dividing New South Wales into a number of 
botanical counties or domains, and gives a list of the most important and accessible 
papers dealing with each. A plea is made for an ecological study along physio 
graphic lines.—H. C. CowLes. 

W. L. Bray has given an interesting anatomical account of some of the plants 


of the xerophytic regions of Texas.'? A study was made of Agave Lecheguilla. 


7 Costerus, J. C., and Siru, J. J., Studies in tropical teratology \nn. Jard 
Bot. Buitenzorg II. 4:61-85. pls. 8-11. 1904. 

8 OLSSON-SEFFER, P. Examination of organic remains in postglacial deposits. 
Amer. Nat. 37:785-797. 1903. 

» SHAW, CHARLES H., Note on the sexual generation and the development of the 
ll. 


seed-coats in certain of the Papaveraceae. Bull. Torr. Bot. Club 31: 429-433. pl. 15 


Boopier, L. A., On the occurrence of secondary xvlem in Psilotum \nnals 
of Botany 18:505-517. pl. 33. 1904. 


11 MAIDEN, J. H., Presidential address. Proc. Linn. Soc. New South Wales 
1902: 740-804. 


2 Bray, W. L., The tissues of some of the plants of the Sotol region. Bull. Torr. 


Bot. Club 30:621-633. 1903. 
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Hesperaloe parviflora, 


Nolina texana, Ariocarpus fissuratus, and Euphorbia 
antisy philitica. 


The stomatal apparatus, in particular, was found to exhibit 
marked xerophytic peculiarities. In Ariocarpus there are a number of projec 
tions of the cuticular layer into the pit just above the stoma, which virtually makes 
a series of chambers of the pit.—H. C. Cow es. 


CANNON'S has concluded from anatomical evidence that the two species of 


mistleto (Phoradendron villosum and P. caltjornicum) occurring in the vicinity 
of the Desert Botanical Laboratory Tucson, Arizona) do not penetrate their 
hosts by means of solvents secreted by the haustoria; but ‘‘the points of admission 
are determined solely by the character of the host-substratum, whether its cells aré 
loose ly put loge ther, as in the lenticels of the cottonwood, or the place where the 


parasite seeks admission has cellulose cell-walls.”’ J M. C. 


STAPF' has published an account of his studies of the fruit of Melocanna, 


which is peculiar among grasses in being very large and having a fleshy pericarp. 


The three species are restricted to India, and the fleshy character of fruit or seed 


is shared with Meloc alamus and Oi hlandra | ndosperm is developed only as 


a delicate parietal tissue, which is soon resorbed by the much enlarging scutellum, 
the food reserve in the mature fruit being in the fleshy pericarp and the scutellum 


Additional facts of interest are that the ovule develops no integuments and that 


vivipary is an established habit.— J. M. C 


Miss ROBERTSON'S has studied material of Toerreya californica 


from plants 
cultivated in Great Britain 


The microsporangia pass the winter in the mother 
and the tetrads are formed early in April No prothallial cell was 
observed, and during the latter half of May the division resulting in the generative 
and tube nuclei occurred 


cell st we, 


Primordia of ovules were observed December 1 


, and 
early in April pollination took place 


The megaspore mother-cell was not dis 
tinguished until late in May, and a month later the reduction division occurred 


a linear tetrad being formed. Material did not permit following the d 


i¢ velop 
ment of the female gametophyte and embryo.—J. M. C 


Horim'® has been studying the roots of our terrestrial orchids. He finds that 


a tuberous rhizome is provided only with slender roots, while Spec ies with slender 


rhizomes may possess tuberous roots. The subject is treated under three heads 


(1) roots slender, with the leptome and hadrome located in one central cylinder; 
2) same, but roots tuberous; (3) roots tuberous, with several cylinders of lep 
( \ \., Observation he nl i of Pho } ) 
ind P. ¢ ” ‘M Bul Vorr. Bot. ¢ D 32:43 143. 1904 
F, Orro, On the ut of Melocanna bambu Trin., an ¢ spermle 
genus oO Ba USCuE Tran Li se London Il. Bot. 6:401-425 
54d. 1QO4 
ROBERTSON, AGNES, Spore formation in Vorreya calijornica. New Ph 
3: 133-148. pls. 3-4. 1904 


Houm, THeo., The root-structure of Nort] 


h American terrestrial Orc | 
Amer. Jour. Sci. IV. 18: 197-212. 1904 


Waea 
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tome and hadrome. The results show the greatest diversity of structure, even 
among the most closely allied forms. An interesting observation is that while 
the roots of our terrestrial orchids form mycorhizas, this is not true of all the roots 


of the same species, nor of the same individual.—J. M. C. 


WesTGATE has been making a study of the reclamation of sand dunes 
on Cape Cod.'7 The ecological relations of the vegetation are first treated. 
Ecological factors, mode of sand deposition, development of the range of dunes, 
natural reclamation, the vegetation of areas which receive gradual accumulations 
of sand, of areas which receive no such accumulations, and of marshes and bogs 
are briefly discussed. An account is given of the devastating effects of the dune 
sand on adjoining areas, and of the means that have been employed to check 
them. At no other place in this country have artificial plantings in dune sand 


been carried on so extensively or for so long a time as there. —H. C. Cowes. 


Britton'> has made a study of some rather extensive sand plains in the 
neighborhood of New Haven, Conn., especial attention being paid to the 
anatomy of the more typical plants. Perhaps the most characteristic species 
are Andropogon scoparius and Juniperus virginiana. A fact of much interest 
is that several species of swamp plants were found on the plains; e. g., Nyssa 
sylvatica, Aronia arbutijolia, Vaccinium corymbosum, Kalmia angustijolia, Ilex 
verticillata, Rosa carolina. In the anatomical portion of the paper, particular 
attention is paid to the anatomy of the subterranean organs, a topic that is often 
superficially treated or even ignored in treatises that are otherwise satisfactory. 
\ number of interesting details are presented, for which recourse must be had to 
the original—H. C. Cow Les. 


STUDIES ON THE PLANT CELL is the title of a series of articles in which Davis’? 
proposes to describe the chief structures and functions of the plant cell. The 
subject will be treated under the following heads: (1) structures of the plant cell; 
(2) the activities of the plant cell; (3) highly specialized plant cells and their 
peculiarities; (4) cell unions and nuclear fusions; (5) cell activities at critical 
periods in the ontogeny of plants; (6) comparative morphology and physiology 
of the plant cell. The opening paper deals with the first of these sections, under 
the subheads: (1) protoplasmic contents; (2) non-protoplasmic contents, and 
(3) the cell wall. A list of fifty-five papers is given. 

While the subject is in such a condition that critical discussion or philosophical 
speculation is unsafe, a summary of the literature will be useful to students inter 
ested in this subject.—CHARLES J. CHAMBERLAIN. 


17 WESTGATE, J. M., Reclamation of Cape Cod sand dunes. Bulletin no. 65, 
3ureau of Plant Industry, U. S. Dept. of Agric. pp. 36. pls. 6. 1904. 
3RITTON, W. E., Vegetation of the North Haven sand plains. Bull. Torr. Bot. 
Club 30:571-620. 1903. 


toD avis, B. M., Studies on the plant cell. Amer. Nat. 38: 367-395. figs. T-3. 1904. 
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SINCE PARTHENOGENESIS in flowering plants has been proven in only a few 
genera, it is interesting to note any accessory peculiarities. In parthenogenetic 
species of Alchemilla, MuRBECK?° finds that the number of chromosomes remains 


unchanged throughout the entire life history, not showing any reduced number 


in the gametophytic generation. ‘The behavior of the antipodal nuclei and syner 
gids is also peculiar in Alchemilla, some or all of these five nuclei having the power 
of motion, so that they behave like polar nuclei. Consequently, it is not at all 


uncommon to find three or four nuclei 


t the middle of the sac where one expects 
to find the two polar nuclei. In such cases the extra nuclei clearly belong to the 
antipodals or synergids, these regions lacking a corresponding number. Asso 
ciated with parthenogenesis in Alchemilla is the phenomenon of polyembryony, 
the extra embryos coming from the synergids or from the cells of the nucellus. 
CHARLES J. CHAMBERLAIN. 

Pik CEYLON PATANAS, which may be compared to our prairies, are forming 


] 


the subject of an important study by PARKIN and PEARSON. In an earlier 


paper the junior author gave a general account of the patanas, which are grass 


lands situated in a region that is otherwise forested. The patanas are of two 
kinds: wet patanas, located above an altitude of 4500 feet, and dry patanas at a 
lower altitude. The present paper deals with the anatomical characteristics of 


their plants, and data have been collected from eighty species As might be 
expected, the characters as a whole may be regarded as more or less xerophytic 

Che most important result is that the plants of the wet patanas are as xerophytic 
as those of the dry patanas; indeed the former are more hairy, and have a compacter 
mesophyll. ‘The authors appear to have been surprised at this feature of their 
results, which, however, seems quite in harmony with the well-known xerophytic 


characters of the plants of peat bogs and salt marshes.—H. C. Cow Les. 


WILLE?’ gives the history of the generic name Gloionema, proposed in 1812 
by C. A. AGARDH, and, having studied the types in AGARDH’s herbarium in Lund, 
WILLE shows that the Spec imens on which the genus was founded are ¢ vos of some 
fly belonging to the Tipulidae The genus Gloionema, the systematic position of 
which has been subject to much discussion, has comprised not only these ‘egg 
specimens,” but also some diatoms. Since KUtTzING (1849) used the name as a 


svnonym only for certain diatoms, later writers have followed th 


example 
WILLE’s object in reviewing the history of this name has been to show the errors 


and the confusion in nomenclature, which may result from an indiscriminate 


Mi BEECH ) eb \ ill bb ce Nu und d H ( 
( nogene en A G ing Alche ( Uni \ 
38:1 yp. 11. pli 

PARKIN, J., and PEARsSoN, H. H. W he f the Cevl 
Linn. Bot. Soc. 35:430-463- 19 

WILLE, N., Ueber die Gattung Gloionema Ag Kine Nomenclaturstudic 
Reprint from ‘ Festschrift zu P. Ascherson icbzigstem Geburtstage,” | 4c 
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use of the priority rule and from an imperfect description such as AGARDH’s, 
which suits not only a great number of different algae within various groups, 
among them diatoms, red algae, Myxophyceae, and Chlorophyceae, but also insect 
eggs. He advocates therefore the necessity of furnishing not only a complete » 
diagnosis, but also a good drawing of every new form of thallophytes described. 
OLSSON-SEFFER. 

MacDovcGat has published several short papers that will be of interest to 
the readers of these notes.. In a paper entitled ‘Soil temperatures and vegeta 
tion’’?s he gives the results of his thermographic studies, and concludes that too 
little attention has been paid to soil temperatures; it seems likely that diurnal and 
seasonal variations, and differences in the temperatures of aerial and subterra 
nean portions must have a large influence on physiological processes, both directly 
and indirectly. In ‘‘Some aspects of desert vegetation ’’?4 and ** Botanical explora 
tions in the Southwest’’?5 he gives interesting popular accounts of our deserts and 
their vegetation, and shows the possibilities of the Desert Laboratory in shed 
ding light on the origin of species. ‘* Mutation in plants’’?° is a sympathetic 
presentation of the mutation theory, in which the author gives the results of his 


own cultural studies. The mutants have in all respects the specific characteristics 


yf their Holland prototypes. ‘‘Some correlations of leaves”’?? deals with the 

results obtained in the further development of the shoot and leaf, when resort is 

had to defoliation. Extra development was awakened in stipules and other 

organs.—H. C. CowLes. y 
WILLE and Wittrock?® submit to the next International Botanical Congress 

at Vienna the following propositions: I. In order to establish the right of priority 

for new species and morphological varieties among the thallophytes, it will be 

necessary to publish in the future not only a description, but a figure of the organ 

ism under consideration, sufficiently clear to make the diagnosis of the Spec ies 

understood. II. In order to maintain the right of priority for new genera among 

the thallophytes, besides the des¢ ription there shall also be published (or referred 

to) a figure of at least one species among those comprising the genus considered. 

III. These resolutions shall be in force from the first of January 1g06. ‘The 

most beneficial results that would be obtained if these proposals were accepted 

would be that the identification would be considerably aided by having figures 


to refer to; such figures would in the future be executed with greater exactness in 


3 Contrib. N. Y. Bot. Gard. no. 44. Mo. Weather Rev. Aug. 1903 [ 
+ Contrib. N. Y. Bot. Gard. no. 46. Plant World 6: 249-25 


7. 1903 
Jour. N. Y. Bot. Gard. 5:89-98. 1904. 
Contrib. N. Y. Bot. Gard. no. 48. Amer. Nat. 3'7:737-770. 1903 
7 Contrib. N. Y. Bot. Gard. no. 43. Bull. Torr. Bot. Club. 30:503-512. 1903 y 
SWILLE, N., and Wittrock, V., Motion au Congrés international de Botanique, 
Deuxiéme Session, Vienne 1905. Nyt Magasin Naturvidenskaberne 42:217 
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order to maintain the right of priority; characters would be more carefully observed, 
and better diagnoses would be obtained; provisional descriptions, which only 
tend to confuse the right of priority and are more or less incomplete, would be 


avoided. —OLSSON-SEFFER. 


PRIANISCHNIKOW2" considers CZAPEk’s conclusion,’® that no free acid but 
carbonic is secreted by roots, to be not justified by the ¢ xperiments. His objec tions 
to CZAPEK’s work are, first, that the assertion that aluminum phosphate is insoluble 
in acetic acid is incorrect; second, that the aluminum phosphate used was not pure, 
the presence of the hydrate decreasing the solubility; third, that water affected 
the surface of the gypsum plates used. By using sand mixed with pure iron and 
aluminum phosphates, the author found that the phosphates were absorbed by 
the plants, and concluded that root secretions contain organic acids ¢ ipable of 
dissolving aluminum and iron phosphates. The solution of phosphates varied 
with different plants. If it can be proved that carbonic acid secretion varies in 


consonance with the solution energy of the root system of various plants, and that 


aluminum and iron phosphates are dissolved by carbonic acid, then there is no 
need to suppose the presence of other organi acids than « arboni in root secre tions 
The presence Of ac id phosphates in the root secretions of seedlings may be « xplained 
by the fact that in germination, decomposition of proteid is in excess of synthesis, 


and the phosphorus set free may be, in part, secreted as phosphates.—L. M. Snow 


BLACKMAN! has discussed the relation of fertilization, apogamy, and parthe 
nogenesis, closely analyzing the processes indicated by these terms. ‘The fact is 
emphasized that the process of fertilization is almost impossible of definition, in 
which opinion all biologists will probably concur. In ‘‘typical exogamous 
fertilization,” with its fusion of gametes from different individuals, three results 
at least are apparent: (1) a stimulus to further development; (2) a mingling of 
two lines of descent; and (3) a doubling of chromosomes. Starting with this 
primitive type, a series of reduced processes is indicated in which one or more 
of these characteristic results of fertilization have been lost. For example, 


‘self-fertilization,”” common among angiosperms, no longer brings about the 


mingling of different hereditary properties; and cases of apogamy preceded by 
nuclear fusion is a still more reduced form of fertilization in the same direction 
Many of the so-called cases of parthenogenesis are regarded as still further cases 
of reduction of the primitive process, for there has not even been the formation 
of a potential egg, in the sense that there has been a reduction division. In this 
sense, it is claimed that true parthenogenesis has not been proved among the higher 


plants. Since there is no reduction division, there is no true gamete, and the 


PRIANISCHNIKOW, D.,) Zur race iber dic Wurzelau cheidungen Ber 
Deutsch. Bot. Gesells. 22:189-19 1. 12 | 

CzArek, Jahrb. Wiss. Bot 1Sg6 

BLACKMAN, VERNON H., On the relation of fertilization, ‘‘apogamy,”’ and 


henogenesis.””, New Phytol. 3: 149-158. 1904 
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resulting embryo is really a case of sporophytic (somatic) budding. In such 
cases the reduction of the primitive process of exogamous fertilization is complete; 
the mingling of different characters, the stimulus to development, and the doubling 


of chromosomes all having disappeared.—J. M. C. 


Bray? finds that according to their character and distribution the forests of 
Texas are to be classified as the east Texas timber belt, the timbered area of 
Edwards plateau, the live oak timber belt, the Rio Grande plain chaparral, the 
mesquite, and the timber of the Cordilleran region. According to the habitat of 
its different components, the eastern timber belt is subdivided ‘nto the following 
types: the swamp and bayou forests, the hardwood forests of the alluvial bottoms, 
the mixed hardwood forest of the interior of the coast plain, the long-leaf forests 
of the Fayette prairie, and the hardwood and short-leaf forests of the lignitic belt. 
Under each of these headings follows a brief but very careful analysis of the factors 
determining the present condition of the tree growth in each forest type. From 
he economic standpoint the bulletin shows that only ro per cent. of the entire area 
of Texas is covered with a merchantable forest; 125,000 acres, yielding nearly a 
billion feet of lumber, are being cut over annually. The timber is cut in such a 
way that the land does not reproduce valuable forests. ‘The author gives valuable 
and timely suggestions in regard to forest management both for private owners and 
for the state. 

he same authors} has studied the forests of the Edwards plateau with special 
reference to their relation to the water supply. The plateau is composed of lime 
stone, and the naturally high water-absorbing capacity of the rock is enhanced 
by the position of the strata and by the numerous extensive fissures and caverns. 
Thus the region forms a vast catchment area for the water which supplies the 
agricultural lands below. The rapid collection and run-off of the waters from 
the bare slopes cause frequent disastrous floods. ‘The writer shows how covering 
the slopes with tree growth (which is rapidly taking place naturally) tends to 
reduce both the frequence and the eroding power of the floods. By conserving 
the waters of the plateau in this manner they could be used to irr gate the rich but 
arid lands of adjacent plains. State ownership for this purpose is recommended. 
f the life 


These two bulletins are valuable contributions to our knowledge « 


relations of trees, and they demonstrate the value of careful ecological study in 


dealing with certain problems of practical forestry —C.Lirton D. How1 
ITEMS OF TAXONOMIC INTEREST ARE AS FOLLOWS: CARL Mez (Bull. Herb. 
Boiss. II. 4:619-634. 1904) has published new species of Bromeliaceae in Greigia, 


Aechmea (2), Billbergia, Pitcairnia (9), and Puya (7).—O. VON SEEMEN (idem 


Bray, WILLIAM I.., Forest resources of Texas U.S. Dept. Agric., Bureau of 
Forestry. Bull. no. 47. 1904. 


Bray, WiLLttAM L., The timber of the Edwards plateau of Texas; its relation 


to climate, water supply, and soil. U.S. Dept. Agric., Bureau of Forestry. Bull 
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651-656) has published two new species of Quercus from Costa Rica.—A. THEI 
LUNG (idem 695~716), in the first of a series of studies of Lepidium, has replaced 
the L. virginicum of American authors by L. densijlorum Schrad., has disentangled 
has 


from the same confused mass of forms the new species L. ne; ) 
described a new related species (L. costaricense) from Costa Rica.—C. A. M. 


lectum, anc 





LiInpMAN (Arkiv for Botanik 1:7-56. 1904) has published a critical review of the 


Ame ric an spec ies of Tric homanes, base d on collec tions in Swedish he rbaria and 


on specimens obtained by the author in Brazil, 3 new species being described; 
and has also (¢dem 187-276) published an account of a collection of Brazilian 


ferns containing 16 new species.—M. L. FrerNALp (Rhodora 6:162. 1904) has 


published a new species of Alnus (4. mollis) from Canada and adjacent Eastern 
United States.—E. P. BicKNELL (Bull. Torr. Bot. Club 31:379-391. 1904), it 
presenting the Californian spec ies of Sisyrinchium, has des« ribed 5 new species 

P. A. RYDBERG (idem 399-410), in his 11th “Studies on the Rocky Mounta 
t] ‘has described new species of Juncus (3), Juncoides, Allium (2), Corallorhiza 





ora, 
Salix, Atriplex (2), Corispermum, Cl iytonia, Cerastium, Arenaria (3), Alsinopsis, 
Lychnis, Stanleya, and Schoenocrambe N. PATOUILLARD (Bull. Soc. Mycol 


France 20:136. jig. 7. 1904) has described a new genus (Seuratia) of Capnodiaceae 


} 


on the leaves of the coffee plant H. Harms (Ann. Jard Bot. Buitenzorg Il. 


4:13-16. 1904) has described a new East Indian genus (Anomopanax) of Aralia 





ceac, comprising 3 species.—S. H. KoorpERs (idem 19-32. pls >) has described 


32 


ww genus (7'etismanniodendren) of Verbenaceae under cultivation, its nativity 


being unknown.—G. R. SHaw (Gard. Chron. HI. 36: 122. jig. go. 1904) has 


described a new pine (?. Nelson?) from northeastern Mexico.—W. A. Murr1 


(Bull. ‘Porr. Bot. Club 31:415—428. 1904), in his eighth paper on the Polyporaceae 


North America, has presented Hapalopilus and Pycnoporus, and described 6 


new monotypic genera (Abort porus, Cyclomycetella, Cyclo porus, Globijomes, Nign 


omes, and Poronidulus N. L. Brirron (Torreva 4:124. 1904) has described a 
new species of Inus from New York .M. Cc 
| : 


BLAKESLEE has published in fulls+ the results of his studies upon the 
sexual reproduction in the Mucorineae first announced in Science June 
1¢ condi 


1904. ‘This brilliant work has completely revolutionized our views of tl 


tions that influence the production of zygospores. While most investigators 





have been trying to determine external factors such as increased humidity, hig 
temperature, seasonal conditions, etc., as the stimuli to zygospore formation, 
BLAKESLEE finds that it ‘is conditioned primarily by the inherent nature of the 
individual species and only secondarily by external factors.” 

BLAKESLEE shows that the Mucorineae fall into two groups. The first, 
termed the homothallic group, comprise “the minority of spec ies (ex | orodinia 


and form their zygospores from branches of the same thallus or mycelium, and 


an be obtained from the sowing of a single spore.” The second group, termed 


+ BLAKESLER, A. F., Sexual reproduction in the Mucorineae. Proce. Am. Acad 
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heterothallic, contains a large majority of the species (ex. Rhizopus, Mucor, 
Phycomyces), each of which is made up of two sexual strains, so that the ‘‘zygo- 
spores are developed from branches which necessarily belong to thalli or mycelia 
diverse in character and can never be obtained from the sowing of a single spore. 
Every heterothallic species is, therefore, an aggregate of two distinct strains, 
through the interaction of which zygospore production is brought about.” 

These sexual strains show in general a greater or less vegetative luxuriance 
and are designated by the + and — signs respectively. ‘The two strains only 
form zygospores when growing together, as the progametes ‘‘arise from the stimu 
lus of contact between the more or less differentiated hyphae (zygophores) and 
are from the outset always normally adherent.” 

“A process of imperfect hybridization will occur between unlike strains of 
different heterothallic species in the same or even in different genera,” 7. ¢., the 
gametes are formed by the chemotactic stimulus of contact with the mycelium 
of an opposite strain. This peculiarity makes it possible to determine the strain 
of an unknown form by cultivation with the strains of determined material and 
is most interesting as evidence that the stimulus to zygospore formation is chem 
ical rather than the rougher physical conditions. These attempts at hybridization 
were not observed to go farther than the cutting off of the two gametes. 

BLAKESLEE concludes from his studies: (a) that the formation of zygospores 
is a sexual process; (6) that the mycelium of a homothallic species is bisexual; 
(c) that the mycelium of a heterothallic species is unisexual; and further (d) that 
in the + and — series of the heterothallic group the two sexes are represented. 

B. M. Davis. 

THE CONDITIONS influencing the production of zoospores in Chlamydomonas 
have been studied by FRANK,5 who shows that a decrease in concentration of 
Knop’s solution acts as a stimulus, as does also, but in a secondary way, decrease 
in light intensity. Temperature limits were also studied, with the conclusion that 
this factor is only a secondary one in the production of zoospores. The alga 
bears concentrations up to 2.5 per cent. Knop’s solution. In the higher con 
centrations the cells are larger and their contents more dense. On solid sub 
strata soaked with solution the plant behaves much as in a more concentrated 
solution. The transfer of cells from Knop’s solution to solutions of various 
single chemical salts influences the production of zoospores variously accord 
ing to the salt used. Thus, as has been shown before, K is somewhat more poi 
sonous than Na. With all the salts used a concentration is soon obtained wherein 
no zoospores are produced. ‘The osmotic pressure of the solution at this concen 
tration-limit sometimes lies above, sometimes below, and sometimes is equal to 
that of the limiting concentration for Knop’s solution. From this the author 
concludes that the stimulus producing zoospores is not an osmotic one when the 


mere reduction of concentration in the nutrient medium is involved. I cannot 


FRANK, THEODOR, Cultur und chemische Reizerscheinungen der Chlamy 


domonas tingens. Bot. Zeit. 621:153-188. pl. 6. 1904 
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see how this follows, for in all the simple solutions used there was a lack of tl 
other salts normally present in the Knop’s solution. 


poisons more than one factor has been varied. 


1¢ 
Thus, in the study of these 
The strengths of solution used 
are throughout stated in percentages, and the obsolete method of isotonic coeffi 
cients is used in calculating osmotic pressures, so that it will be necessary to trans 
form the data to more modern terminology before they can be of wide use in com 
parison. ‘The methods and terminology of physical chemistry are most suitable 
for this sort of investigation. ‘The general results of this part ot the paper are 
as follows: Production of new motile cells can take place only with a reduction 
of the concentration of the medium. The process is checked by the presence ol 
many substances, and these 


act chemically rather than osmotically, 7. e., they 


act like poisons 
The zoospores of this alga are positively phototactic towards blue light « 
not too great intensity, but af 


P ‘4 
ter a limiting intensity is passed they are negatively 
so. ‘They are sensitive to very weak light. It would be well if such observations 
as these could be made with a photometer, such as a silver salt perhaps, so that 
limits of light intensity might be definitely stated The chemotacti responses 
of these same cells were also investigated, as were also those of Euglena 


ld rae ilis, 
but the results cannot be stated here.—B. E. Livincston 


THE EXPERIMENTAL morphology of chlya polyandra has been studied, 


albeit in a somewhat medieval way, by Horn,’° working in KLEBs’s laboratory 
at Halle. He shows that the presence of metals in the 


nutrient medium, as well 
as of traces of metallic salts, has a marked effect on both vegetative and reproduc 
tive activity of this organism. In such media the hyphae, which are normally 
without cross walls, develop such walls, often at regular intervals, and the fila 
ment often becomes divided up into polyhedral chambers, like irre 


chyma, by walls in all directions 


slar 
Yular paren 


The same effect is brought about by partially 


plasmolyzing healthy hyphae and then returning them to the normal medium 


But there appears to be a difference in the nature of the cross walls in these two 
cases; those produced by a metal are not doubly refractive and consist largely 
ol pet tin, while those produced by plasmolysis are anisotropic and contain much 
cellulose However, the latter form of walls is at first exactly like the former; 
the ditference appears later The general r¢ sponse of the plant is quite parallel 
to that which I have obtained in Stigeoclonium,:? the formation of cross walls 


Horn, L., Experimentelle Entwicklungsiinderuns bei Ach 


on, B. E., On the nature of the 


morphic green algae Bor. GAz. 30: 361-377. f 2. 19 Also, Furtl 
( ph iology of polymorphisn In green algae, Wild. 32 

k on the effect of metallic salts upon this same plant was reported in part at th 
St. Louis meeting of the Am. As Adv. Sci., Dec. 1 See Science N.S 19:17 
10) The fuller discussion of this subject 


\ is about to be published in the Bull 
N.Y. Bot. Garden 
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and of irregular division being quite parallel to the production of the palmella 
form in my alga, which is brought about by many metal salts as well as by high 
osmotic pressure of the medium. Perhaps if HoRN’s poisoned material had been 
transferred to a normal medium at an early stage in the development of cross 
walls the same cellulose formation would have occurred as that which he observed 
in the partially plasmolyzed filament. 

Regarding the production of zoospores, the unsatisfactory and almost mean 
ingless general observation is made again, as it has been made with other forms, 
that these bodies are produced ‘‘when a sufficient amount of nutrient material 
for growth is no longer present in the medium.’ This is of course not exact 
science. They are produced at a temperature of from 5° to 31° C. “Osmotic 
pressure has only an indirect effect.” Intercalary sporangia are produced in the 
filaments poisoned with metal and also in those which have been partially plas 
molyzed for a short time; indeed, all the cells of the parenchyma-like masses above 
described seem to be potential sporangia. This last observation seems to agree 
quite accurately with that made in the case of Stigeoclonium, that palmella cells 
are capable of producing zoospores when in weak media, whether the plant has 
been brought to this form by metallic poison or by external osmotic pressure. 

These are the main results of the paper. It is to be regretted that good 
experimentation should be brought to so little account by such vagueness of 
thought as indicated in the adoption of NAGELI’s theory of the oligodynamic effect 
of metals, which has no real basis in experiment, and the idea that nutrition is 
somehow a thing apart from chemical stimulation and response. The present 
paper appears to “strike only the high places,” as the phrase goes What is 
needed in physiological work is more of the methods of the physical chemist. 

B. E. LIvINcstTon. 

Lawson3® has published the results of his investigation of Cryplomerta 
japonica, concerning which we have had heretofore only ARNOLDI’s somewhat 
meager account. The material was obtained chiefly from trees growing on“the 
campus of Stanford University. The staminate cones appear early in October, 
t 


ie reduction division occurs the first week of November, and by December 
the microspores are rounded off. In January the first nuclear division takes 
place, resulting in generative and tube nuclei, no prothallial cell being formed 
Pollination occurs during the latter part of February, and the pollen tubes, with 
out branching, advance directly towards the embryo sac. The generative nucleus 
divides early in the pollen tube development, and the body cell becomes very 
large, consorting with the tube- and stalk-cell nuclei in the tip of the tube. About 
the middle of June the male cells are formed and fertilization occurs. 

Deep in the nucellus three or four mother-cells become differentiated early 
in March, each giving rise to a tetrad. The centrally placed megaspore of the 


twelve to sixteen potential ones functions, the development of the female gamet 


>Lawson, A. A., The gametophyte, fertilization, and embryo of Cryptomeria 


japonica. Annals of Botany 18: 417-444. pls. 27-30. 1904. 
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ophyte proceeding as usual, so far as parietal placing and centripetal growth 
are concerned. ‘The method of forming the permanent endosperm tissue is 
remarkable, and is either unusual among gymnosperms or has escaped observa- 
tion. The primary endosperm cells, that is those open towards the center of the 
sac, elongate inward, and free nuclear division proceeding they become multi- 
nucleate. Then comes a stage when ‘‘hundreds of the free nuclei divide about 
the same time,” but no cell plate is formed between the daughter nuclei, the 
kinoplasmic fibrils extending between them increasing in number and curving 
outwards on all sides until both nuclei are completely surrounded by a sheath 


I tree 


of fibrils which fuse, thus forming an investing membrane. This method « 
cell formation goes on throughout the whole of the prothallium except in the 
region of the archegonium initials, the cells becoming crowded and thus resem 
bling ordinary tissue composed of binucleate cells. After this tissue has been 
organized nuclear division with cell plates proceeds in the usual way. 

The archegonium initials were observed about May 25, and eight to fifteen 
archegonia are organized into a complex invested by a common layer of jacket 
cells The neck cells are usually four in number, and just before fertilization 
the nucleus of the central cell divides into ventral canal and egg nuclei, without 
the formation of any separating membrane. Only one male cell enters an egg, 
two eggs thus being fertilized from one tube, and the male nucleus is liberated 
from its cytoplasmic sheath only after the male cell has become imbedded in the 
egg cytoplasm. 

The proembryo begins with the formation of four free nuclei, in one case six 
being observed, which pass to the base of the egg and begin the divisions that result 
in the two tiers of cells and four free nuclei. ‘The cells of the upper tier elongate 
to form the long and tortuous suspensor, and one or several embryos may be devel 
oped from a single egg. The estimated but not definitely counted number of 
chromosomes was nine or ten for the gametophyte and eighteen or twenty for the 
sporophyte 


The general conclusion is reached that the structures of Cryptomeria are 


distinctly of the Cupresseae type.--J. M. C. 





NEWS. 


Dr. J. P. Lotsy has been appointed reader in botany in the University of 
Leiden. 

Dr. W. A. MurRILv has been appointed assistant curator at the New York 
Botanical Garden. 

PROFESSOR G. BONNIER has been elected an honorary member of the Royal 
Microscopical Society of London. 

Dr. K. LinsBaver has become privat-docent for anatomy and physiology 
of plants in the University of Vienna. 

PROFESSOR P. A. SAccARbo has been elected a corresponding member of the 
Reale Accademia dei Lincei of Rome. 

B. M. EverHART, known best through work in systematic mycology done in 
association with Mr. J. B. Etiis, died at West Chester, Pa., on September 22, at 
the age of eighty-seven years. 

THE IMPERIAL ACADEMY of Sciences at Vienna granted 4,000 kroner to Hofrat 
Professor JuLIuS WIESNER for his journey to the Yellowstone National Park, 
where he expected to study the light relations of the flora. Unfortunately illness 
seriously interfered with his plans, and he had not fully recovered at the time of 
the Congress at St. Louis. Professsor WIESNER delivered his address, however, 
in spite of evident weakness. 

THomas H. KEARNEY, of the Bureau of Plant Industry, United States 
Department of Agriculture, has been authorized to proceed to North Africa and 
other Mediterranean coast regions for the purpose of securing new seeds and 
plants adapted to the southwest. A special study will be made of the date, and 
new introductions of this fruit will be undertaken. Alkali-resistant forage 
crops will also be studied and the introduction of seeds of new and promising 
kinds will be made. Mr. Kearney will remain abroad until next spring. Science. 

\ SECTION of biogeography was organized in connection with the Eighth 
International Geographic Congress, which met in Washington, September 8-10. 
Professors HEILpRIN and HARSHBERGER, both of Philadelphia, acted respectively 
as chairman and secretary. The papers of botanical interest were as follows: 
Oscar Drupe, Die Methode der pflanzengeographischen Kartographie, erliutert 
an der Flora von Sachsen, and Nomenklatur pjlanzengeographische Formationen; 
J. W. HarsHBerGer, Method oj determining the age of the dijjerent floristic elements 
in the eastern United States; CHARLES C. ApdAms, The dispersal centers of North 
American biota; H. C. Cowes, The remarkable colony oj northern plants along 


the Apalachicola River, Florida, and its significance; Davin Whiter, The 
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American range oj the Cycadofilices. A paper entitled The importance oj the 
physiographic standpoint in plant geography, by H. C. Cow rs, was read by 
title. It was greatly regretted that Prof. FLAHAULT, who was to have read a 
paper entitled La cartographic de géographie botanique, was detained in France 
by illness. The biogeographical sessions were well attended, although there 


were few visiting botanists present, and the papers excited lively discussions. 


THE INTERNATIONAL ConGREss of Arts and Science he'd at St. Louis, Septem 
ber 19-26, secured the attendance of large numbers of scientific men, both American 
and foreign. It is safe to say that no more distinguished body of scholars has ever 
been gathered on this continent, or probably on any other. The formal addresses 
by botanists were as follows: JoHN Merrie Courter, University of Chicago, 
Development oj mor phological conceptions; HUGO pr VRtiks, University of Amster 
dam, Fundamental conceptions of evolution; FREDERICK O. BOWER, University of 
Glasgow, The relation oj the axis to the leaj in vascular plants; Kart F. GorBet, 
University of Munich, Die Grundprobleme der heutigen Pflanzenmor phologie; 
Juttus Wiesner, University of Vienna, Die Entwickelung der Pflanzen physiologic 
unter dem Einjlusse anderer Wissenschajten; BENJAMIN M. DuGGAR, University 
of Missouri, Present problems oj plant physiology; Josepu C. Arruur, Purdue 
University, The history and scope of plant pathology; Merton B. Wairr, U.S 
Department of Agriculture, Vegetable pathology as an economic science; OSKAR 


Drupr, Royal Technical College, Dresden, Die Stellung der Ockologie in der 


heutigen Wissenschajt; BENJAMIN L. Ropinson, Harvard University, Problems 


/ 
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These addresses will be published in the volumes of Proceedings of the 
Congress. Short (ten-minute) papers were read by J. M. Coutrer, Morphology 
oj Torreya taxijolia; J. A. Harris, The importance of the investigation of seedling 
stages; C. E. Bessry, Distribution of trees in Nebraska 

THE MARINE STATION of the University of Washington has completed a suc 
cessful summer’s work among the San Juan islands in the northern part of Puget 
Sound. The object of the work was to determine the marine life of the Sound 


among the islands, and to begin the study of the distribution of species on the sea 


bottom from the ecological point of view The station was in charge of Professor 
TREVOR KINCAID (zoology) and Dr. ‘T. C. Frye (botany The party included 
the majority of the teachers of biology in the colleges, normal schools, and large 
high schools of the state, as well as a number from adjacent ones. Headquarters 
were established at Friday Harbor, where house room was secured for laboratories, 
storeroom, etc., while the party lived in tents pite hed in the dense coniferous forests 
on the shore. ‘The party had at its disposal a naphtha launch, and a scow fitted 
with wire cable, windlass, dredges, and nets, by means of which the bottom in the 
straits and inlets among the islands was pretty well explored. Carrying their 
camping utensils with them in the launch, the party was enabled to make trips 
from headquarters extending over several days and thus cover a large area 
Large collections were made of algae, shells, and hydroids, and valuable data 


were secured concerning their distribution Professor Ct rTING, ol the State 
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University of Iowa, took charge of the hydroids collected. The University of 


Washington is endeavoring to locate the richest field in the Sound for the purpose 


of establishing a permanent marine station. The site has not yet been definitely 


located, but it is expected that one will be determined upon before spring. 


THE MEETING of the British Association for the Advancement of Science, 
held this year at Cambridge, August 17-24, was attended by an unusually large 
number of British botanists and by many foreign botanists as guests. 

The president of the botanical section, FRANcIs DARWIN, discussed, critically 
and sympathetically, the hydrostatic and the statolith theories regarding the per- 
ception of gravity by plants, expressing the conviction that, at the present time 
at least, the latter theory has most in its favor, but admitting that it is not yet 
proved. About sixty papers were presented, representing the whole field of 
botanical study. A group of papers on paleobotany showed the extent and the 
fruitfulness of this line of investigation in England. Many of these papers were 
illustrated by lantern slides, often of great beauty, and always interesting. The 
group of papers by the ecologists showed by the careful anatomical and experi 
mental investigations, coupled with examinations of soil, drainage, and meteorolo 
gical conditions, that the thoroughness and accuracy which alone can give ecology 
any real value are recognized and applied in England and Scotland. ‘There were 
also papers on mycology, morphology and cytology, anatomy, and physiology. 
One of the pleasantest features of this meeting was the dinner of the botanists, 
about seventy, in St. John’s College. The speeches by DARWIN, ENGLER, CHODAT, 
Fuytt, Sewarp, and WAGER were felicitous, and the cordial reception accorded 
to Fuji, of Tokyo, was especially interesting at this time. As one of the guests 
of the Association, I cannot refrain from expressing my grateful appreciation of 


the gracious courtesy and hospitality which were extended to all.—G. J. PEIRCE. 





